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FUTURE OF LAKE MEAD AND ELEPHANT 


el C. STEVENS,? PRESIDENT, AM . Soc. sath 


‘The gates in the by-pass tunn at Boulder (Arizona-Nevada) were 


6 renee February 1, 1935, and the st ring of water and sediment began. a In ten’ 
| ‘years following that date oe 1, 500 million tons of sediment passed the Bright ' 
Angel silt-sampling gaging station in the ‘Grand ‘Canyon, in Arizona, 
Virtually all of this sediment was ‘arrested by Boulder Dam. There is also an 
by added contribution from the 30,000 sq miles of drainage area between the Grand. 7 
Storage in Elephant Butte Reservoir i in New Mexico on the Rio Grande 
January 6, 1915 . Before the construction of the dam a. topographic 
86 map was made of the reservoir. After its completion five surveys ¢ of sediments ‘ 
¥ deposited i in the reservoir were made. _ During this period 1 records of suspended 
| ‘sediments have been kept ont the Rio Grande at San Marcial, Mex., : above 
6: the highest backwater from the dam. So far as known this i is the only y reservoir 
. for which a comparison of sediment ‘inflow and sediments deposited can be 
m made? i ino order to determine s some over-all value of the reservoir space occupied — Be - 
. An analysis of the sediment records for Elephant Butte Reservoir is pre- 
wal sented. z ‘Utilizing: these data an estimate of the useful lives of both Lake Mead 
“_ and Elephant Butte Reservoir is made. A discussion of what feasible steps 
“may be taken to prolong their usefulness is is included. 
di ' Although the writer has served as Consultant for the National Resources 


--Planning Board a and also for the Bureau of Reclamation, U. Ss. Department, of 
the Interior, on matters pertaining to the Colorado River and Rio Grande _ 


‘ Notr.—Written comments are invited for immediate publication; to insure publication the last dis- 
cussion should be submitted by October 11,1945, 


* 2*‘A Study of Methods Used in Measurement and Analysis of Sediment Loads in Streams,” Reports 


of Hydr. Research, Iowa City, Iowa, 1940-1943, No. 9 19 Sis 
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ae asins, the conclusions and opinions here reflect his personal views and are in | 
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o sense to be construed as reflecting the opinions of those agencies. 


GENERAL 


silt, sand, gravel, boulders in fact, any y transported 1 material that will occupy 
4 _ space ina storage r reservoir. _ These sediments are mostly v water-borne, although 
considerable volumes : are of aeolian origin, and others are talus the con- 
fag shores of the reservoir. . _ The principal contributions are in the form of 
deltaic deposits ts by the main Tiver and» by the tributaries that flow directly 
Deltas.—A delta forms at the mouth of each entering stream. Only, 
posits at the lowest. stage of the reservoir have any chance of remaining in 
place. All deposits at higher s stages are reworked by the streams as the reser- 
falls | and thus intermittently carried farther and farther into the 
reservoir. , As | these deltaic deposits are rewo orked they are e ground fi finer and 
transported farther into the reservoir at: every freshet. 
_ The sediments brought in by steep tributaries contain much coarse material. 
OO The effect of reworking is to flatten the slope : at which they were originally 
_ deposited, but such coarse material never moves far into the reservoir. eK 


:” — Density Currents. —The finer sediments, clays, and colloidal material remain 
in 


n suspension longer than the sands and are therefore deposited well into the 
reservoir. "Frequently such fines are carried by the muddy stream ‘supplying | 
: them through the reservoir along its thalw eg w hile the ¥ water - surrounding this 
‘muddy stream remains clear. Such silt flows s are called ‘density currents.” 


means the so- -called ‘dead-storage” ” space lying below outlets 1 may become 


 Talus—A large quantity of heavy material in the form of talus accumulates | 


' not move far from the base of the cliffs from which it originates. mi 0 ae 
Age Aeolian: Deposits.— —Any one Ww has driven betw een ‘Zion National F Park, 


_ composed. In arid sections such as these the volume of aeolian deposits is 
extremely large. Compared with water-borne deposits however their volume 
is relatively small, yet they cannot be ignored in the long ported of years tha that 
takes to fill a reservoir with sediment. 


ee The Life of a Reservoir.— —The great complexity in the process ess of sedimenta- 


ments of which many of the bluffs and canyon walls skirting the highway are 


‘regarding the space occupied by sediments, lack of knowledge regardi 


By them the fines are deposited against and immediately above the dam. Tf 
~ low outlets are open these mud flows will pass entirely through the reservoir 
visible’ evidence of their on the reservoir surface. By this 


. and settles at, the bases of the steeper shores and cliffs. When exposed : 
above water the talus weathers down into finer sediments but normally | does 


in Utah, and the Grand Canyon can attest to the enormous wind- borne sedi- 


‘ti n n in reservoirs a and in the inflowing stream channels, the uncertainties 


— 
| 
— cont 
Oe ___ The term sediment, as used herein, will be understood to include all clays, - 
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contributions by water 
wind from tributary 
drainage area, the vari- 
ability of sediment in- 
ysis 
flows year by year and 
jin wet and dry cycles, 
the inability to evaluate 
accurately betw een sus 
pended sediment and NEW MEXICO 
bed load, all mitigate 


against the drawing of 
invariable conclusionsre- 
garding the useful life of 
reservoir that is sub- 
ject to silting. = 
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PARTI 


ELEPHANT BUTTE | 
TP 


area at Elephant Butte | 
Dam, exclusive of a... 
closed basin in Colorado, 
is 25,923 sq miles; at the , 
San Marcial gaging sta- 


tion it is 24,176 sq miles. 

‘Fig. 1 is a map of the \ -- 4 


Upper Rio Grande basin 


Ss 
— 
_Voleanics and meta 


™ 


N. Mex. Upstream from 
this point itjis fairly 
_ Clear except at times of | 
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‘SEDIMENTS 


_ Table 1 gives ath results of surveys | of sediments deposited in | Elephant 


Butte Reservoir below spillway level. It represents the deposits reported 
from all sources between the sill of the outlet gates and the spillway level. 
_ To compare this record with the 1 measured sediments | passing the San Marcial 


: gaging station it is necessary to know the sediments deposited downstream from — — 
the San Marcial gaging station and above spillway level, as well as the deposits Cal 
below the sill of the outlet gates. _ These quantities are not found in any “! 

‘TABLE 1.—Sepiments DeposiTep 1n ELEPHANT Burrs 
Reservorr IN New Mexico” hte “wit. 1 
riod lative | Acas-Fumt) lost (per- 
January 1915 to December 1916........ 4 (64.0 | 
December 1916 to August 1920......... 86.0 | 1400 | 40 
August 1920 to August 10.58 91.7 | 231.7 | 8. 76 
August 1925 to April 1935..... 20.25 133.5 sur 
April 1935 to September 1940 25.75 | 506 | 4158 | 
publications but were ascertained by correspondence to be 13,929 acre-ft and 191 
432 acre-ft, respectively. The latter. value changed to 3,218 by a 
: _ recomputation of capacities made in 1940 (letter to the writer dated January “a . loa 
1943, from Carl B. Brown, Assoc. M. Am. Soc. C. E., Head of the Sedimentation b per 
Bection, Soil Conservation Service, Washington, ‘D.C.). 
Pi: For the purposes of this paper pe is 8 necessary only to consider the first and 7 Bu 
urvey 
ing 
oe purposes 8 of hin paper 10, 000 acre-ft ete been added for this item. (An pe 
accuracy closer than the nearest 100 acre- “ft i is not justified by the nature of the th 
Above the outlet ga gate sill and below the s] spillway level 
e spillway level and below San Marcial gaging sta ion ‘i 

e the spill level and below San M 1 gaging stati 13.9 4 


— 


These may now be compared with the sedimenté hat have flow 


3‘‘Silting of by E. M. Eakin, revised by Carl B. Brown, Bulletin ! No. . 6th 
U.S.D.A., Washington, D. C., 1939, p. 
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pended ‘sediments passing San Marcial in 1897, but, since the present 
- study i is concerned with the period from 1915 to 1940, only the record for those 
- years i is given i in Table 2. The data were compiled from the following sources: 
JE _2,—SUSPENDED SEDIMENTS OF THE GRANDE 


Calendar No. of ‘Calendar No. of “Million Million 
samples year | samples | _ tons year | samples ‘ 


yore «| 5 || 1935 | 66 
1927 6 1936, 
1937 
19 1932 | 45 


- 
« Nine months, ending September 30, 1940. 


"supplied by the project engineer, Rio Project, Bureau o of Reclamation. 


The data are based on sampling in Doan and, for the other ye years, on — 


cu ft as used the late W. W. Follett,‘ M. Am. Soe. C. The sediment 

. load was converted to tons by the factor 1 acre- -ft = 1,153 tons when y = 53 Ib -2 

per cu ft. The data thus converted were presented by the writer ina former _ 
— » Suspended sediments (in tons) since 1926 are found in the Water a 
Bulletins,® “published by the In ‘International Commission at El 

The records for 1915-1925, are open to “question. “Silt curves 

tae been found to be only fair for the coarser sediments but may. be quite : 
inaccurate for the fines. How ever, the errors are compensating and, overa — 
period of years, the totals may not be | too farawry. For the years since 1925 

= sediment was determined from intermittent sampling throughout each year “atesg 
as shown in Table 2. For some years, notably 1928 and 1930, the number of © 


— was too few to form the basis of a reliable estimate for the entire enc 


Z In order to compare measured deposits with sediment inflow, certain enna 


a ments in the record of suspended ‘sediments at San Marcial must be made: 


2 1. Samples were secured | by lowering s small necked bottles ‘into the water 


« one or more verticals in the stream section, being ‘careful to approach but 
2 not to strike the bottom.”® The coarser sediment load increases with = 


Silt Problem,” by J.C. Am. Soc. C. E., Vol. 1 101 11 (1936), p. 228, 
Water Bulletins Nos. 1 to 12, International Boundary Comm., El Paso, Tex., 1931-1942. _ 


However, these are all the data in existence for the period in question. perene st —_ “ 
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until there is a slurry ot — moving along the bottom that is scarcely touched 

“ae Fig. 2 is believed to represent, more or less typically, the conditions in a 
_ sediment loaded stream. _ The data are the results of sampling at various 

~ depths in ten verticals. of the central main canal of the Imperial Irrigation 

_ District in the Colorado Ri River delta. "The c concentration of the coarser se sedi- 
ments is seen to increase rapidly a as the stream bed is s approached and a reason- 
a: good concentration curve can be e drawn. For the fines, however, the 


concentration is quite uniform from the surface to the bed. 


‘Fra. 2 SEDIMENT, IMPERIAL CANAL, 
7 To the measured suspended ae an addition of 15% was made in sale to 


tributaries flow into the lake and wind-born -borne deposits accumulate 


a Soil Conservation Service bees wale a determination of the sediment — 
contribution by the tributaries of Rio Grande in the valley above San Marcial* — 7 
d (see Table 3). _This work has been continued since 1939 by the U.S. Engineer 7 


Department. - Two methods were follow ed—one by an evaluation of sediment — 


‘sources through mineralogical studies and the other by sampling. suspended 
loads. The mineralogical studies were made by Gordon Rittenhause for the 


is 7 **Silt in the Colorado River and Its Relation to Irrigation,” by Samuel Fortier and Harry F. Blaney, 2 
Technical Bulletin No. 67, U.S.D.A., Washington, D. C., p. 47. 
_ 8**The Sedimentation in the Middle Rio Grande ‘Valley, New Mexico,” by Stafford C. Happ, SCs i 
(unpublished), 1942, Tables lland 12. 


— “ 
“tor 
spe 
(a) RETAINED ON A NO. 200 SIEVE 
A NO. 200 SIEVE——}-> J | | tril 
— 
— 
— 
2. There are 1,750 sq’ miles of d “of 
— th 
— 
— 


Soil Conservation Service between 1937 and 1941. Composite samy 
™ llected from the bed of the Rio Grande n near the > mouths of the six tor 
ributaries and also from farther up each tributary. These ‘samples were 


ized mechanically. ‘Samples were mounted on microscopic slides for identifica- 
ion and the number of grains in each species was determined. With 1 the © : 


specific: gravity known, the approximate weight of each species in each size 


ot, 


TABLE 3.—Acre- -FEET OF SEDIMENT PER Y EAR CONTRIBUTED BY 
onl OF THE Rio GRANDE 
Santa|Gales-| Je- | Rio | Rio |Totals| ‘sand § mentee 
Fe teo | mez Puerco Salado tons) |‘ 
Drainage area (sq miles)...| 288 | 697 |1,009 | 6,092 | 1,434 | 9,520 
| Mineralogical analyses. ...| 121 | 362 |1,448 | 4,224 | 1,569 | 7,424] 86. 14,400 9,520 1,500 
Suspended load sampling. . scan 684 | 9,749 | 769 |11,640) 62. 5 | 15,800 | 9,232 | 1,700 


grade was computed. - ‘The re relative 2 abundance of the different mineral species 


was used an index of the relative contribution from each of the six a 


Although there are wide differences by the two wethets among tributaries, 
the final values are close enough | to justify the > use of an average contribution of © ‘ 
:" 600 tons per sq mile pe per yr yr for the area directly tributary to Elephant Butte : 


ort to show 


“the “nevertheless they doubtless represent. a major portion of the 
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3 
. 38. The talus from the canyon w alls that lodges. below ott, level should a 
; be included. _ This represents a small volume that is very difficult to determine. 
to 


ay. hatever it may be it is considered as included in that of adjustment 2. vue 
‘ 4. Some sediment has passed entirely through the reservoir in the form of | i 
“density currents. 0 R. Fiock™ estimated that to: the end of f 1934 atotal 
E+ 5,000 acre-ft of fine silt had passed through the outlet , gates ¢ at the dam 
_ This estimate was based on samples some of which contained as ‘much as 6% ae 
by: weight of fine suspended material.! 2 By correspondence it was ascertained 
that a specific weight of 53 lb was used to determine this volume. a The weight, 
_ therefore, was 5.8 million tons. It was also learned from correspondence that 


a silt flow occurred betwe een August 9 and September 10, 1935, 


The total pa passing out during the period of record is therefore 6.4 million cons. 
d = "The Sedimentation in the Middle Rio Grand Valley, New Mexico,” by Stafford C. Happ, SCS 

—_ 4 = _ 10**The Passage of Turbid Water Through Lake Mead,” by Nathan C. Grover and Charles S. Howard, 


1l‘*Records of Silt Carried by the Rio Grande and Its Accumulation i Elephant Butte 
byL. R. Fiock, Transactions, Am. a Union, 1934, p. 468, 
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“FUTURE OF RESERVOIRS | 
oa ne For the 25.75-yr period from January 1, 1915, to September 30, 1940, the 
total sediment inflow the reservoir becomes: 


Million 
tons =a 


ae by 1 ,750 sq miles ast tributary drainage al 
— in (25.75 75 years at 1 ,600 tons per sc sq ‘mile per yr........ 72.0 a 


For the same the 1 he measured deposits were 442, 900 acre- = + 29 


X 10° Ib, from which the average specific weight of the entire volume 71020 


is Y= e An average value of 65 Ib per cu ft will be used in 


_ One undertakes a prediction o of the useful life of such a simian with many 
misgivings. — _ Nevertheless the best prediction that can be made from available 
4 data may | be . of considerable value even though subsequent years may ae 
_ The original capacity of Elephant Butte Reservoir was determined from a 
topographic map on a scale of 1,000 ft per in. with 10- ft contours, made from 
1903 to 1908. v volume was 3 in 1940 and to be 2,634, 800 
-ft, of which 3 :200 acre-ft are re below th the gate four 
¢ ’ The cumulative 3 years and the percentage of the original capacity lost, given 
ta Table 1, ares shown in Fig. 3. If the average rate of sedimentation shown for 
the first 26 years should continue and all sediment should remain in the reser- 
ts * - voir, it would appear that the reservoir would be full to the spillway level in a 
ae total of 158 years, leaving a remaining life of about 120 years more. — The 
useful life, however, would be much shorter because the storage capacity be-_ 
comes inadequate for the purposes for which it was constructed by the time 
half its original « capacity is lost; - at least its usefulness would then be » greatly 
impaired. s would from its initial 1 storage date, OF 
_ -‘These speculations, however, may not. hold for the reason that the rate of 
depositions i in the reservoir proper appears to have been decreasing materially 
is _as shown by the curved line of loss in Fig. 3. Deposits in the valley above the 


reservoir have been enormous so that a substantial portion of the water-borne 
"sediments is arrested before it reaches the reservoir. The Soil Conservation 


‘US.D.A., D. C., Pp. 90-92. 


~ 
Service has estimated that 59,000 acre-ft of sediments were deposited on the 
13‘‘Silting of Reservoirs,” by E. M. Eakin, revised by Carl B. _ Brown, Technical Bulletin No. 5h } 
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valley floor Santa Fe San Marcial i in n the 1936 
to 1941," a an average ‘of more than 12, 000 acre-ft per That Service also’ 
é reports: that aggradation o of the lower portion of th this valley began eight years — 


prior to the construction of Butte Reservoir (say, about 1907). 
100 or r 
pat: ade r 
hive 


Percentage of Capaci 


Qo 
Years from ‘Beginning of Sediment Storage 


“Fie. 3. —Compantson OF RATES OF SEDIMENT 
-” No very satisfactory explanation has been found for the aggradation of the 


alley floor. The writer believes it has been caused in part by backwater 


from the reservoir but mostly by the low runoff cycle the West has been 
e experiencing since 1920. Floods have certain economic values i in flushing the 
2 ‘fiver channels of the sediment accumulations of previous low-water periods. oma 
Fig. 4 demonstrates the presence of the low-water cycle. The levels of 
Salt Lake (Fig. 4(b))' are a good index of cyclic vedistlens te the hydro- 
logic features « of the entire West. These levels show the culmination of ah high- 
_ water cycle in the early 1870’s and a continuous decline to’ 1905, a partial — 
recovery until 1923, and a sharp decline since then. ebeieeriees 
i. For comparison, the 5-yr running averages of the flow of the Rio Grande at 7 
Otowi Bridge,* percentages of the 52-yr mean, are also shown. The 
_ parallelism of the two curves is quite striking for the period of simultaneous 
~ records. aol the Rio Grande records covered the same period as those of Great 
Salt Lake, a high-w -water eycle would undoubtedly have been 
-_ The Otowi | record shows a gradual decline in water - yield f from the peak of 
1909. Slight recoveries appear in both records from the -all- time western 
If this is a major cause of other filling, a succession of flood years in a cycle 


of greater | rainfall \ would very y likely move large 7 volumes of the arrested sedi- 
_ 4**The Sedimentation in the Middle Rio Grande Valley, New Mexico,” by Stafford C. Happ, SCS 
(unpublished), 1942, Table 4. 


Paper No. 880, U. S. Geological Government Office, 


— 
— 
60 
=) 
— 
— 
n 
7 
ae 
— 
le 
— 
‘= 
y 
— 
— 
— 


4 of sedimentation in 1 the ve reservoir, a series of wet years may increase those rates 
tos such h values that tl the ‘straight- obumeras of Elephant Butte curve in 
In Fig. 3 i is also shown the rate of sedimentation of MeMillan Reservoir on 
the Pecos River.!” In 20 years rs the rate of filling diminished markedly. _ The 
- explanation offered?® is that a rank growth of tamarisk or salt cedar, that 
started about 1912, has covered the v: valley floor immediately s above the reservoir 


; and that this dense growth reduces velocity so much that the sediments vl 


Percentage of 
the Mean Flow | 


Otowi, New Mexico, 
5 Year Moving Averages 


Y 


ns thicket re remains s the sediments deposited will remain in vhine in spite 4 


er Such extensive growths are not prevalent on the Rio Grande, however; 


- the sediments deposited i in low-water cycles may very likely be moved _ 


or the river again be ‘degraded i in subsequent wet cycles. which will hasten 

the si survey of Elephant Butte in 1935 the lake 

level was sO low that practically all the area above the Narrows (somewh: hat 


ait Jill 


‘The Silt Problem,” by J. C. Stevens, Transactions, Am. Soc. C. E., Vol. 101 (1936), p. 211. 
‘Silting of Reservoirs,” by E. M. Eakin, revised by Carl B. Brown, Technical Bulletin No. head 


Washington, D.C., 1939, Pp. 16 
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1945 


4 “more: than half) was mapped by plane table and stadia since the sediments were - 
‘aes enough to support the men. — Therefore, the water for this area had drained b> 
= of the upper layers. — Without doubt, there v was a zone of saturation below 
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“from the deposits, but whatever it was the loss of storage capacity given should : a 
be reduced by that volume. - To take account of this ground Ww ater with a 
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many to valley deposits upstream, 
_ profile of the deposits i in Elephant Butte Reservoir" shows that reserv oir 
deposits are spread toa considerable extent o over the entire bed of the reservoir, 
- linear rate of filling. The straight line of Fig. 3, therefore, is offered as being 
a index the useful. life of Elephant: Butte 


There i is insufficient evidence to warrant the : adoption of other than an average 


Lake M Mead on the Colorado Rive er, 
which forms the boundary between Nevada and Arizona i in this reach. - The 
- in the outlet tunnels were closed on February 1, 1935, and the storage of 
water began on that date. Lake Mead is bordered by an arid plateau which is 
TABLE ii —SUSPENDED SEDIMENTS IN THE CoLoRADO River Basin 


Location oF SAMPLING STATIONS (Sue Fia. 5) 


gin, 


Colorado Colorado 


€ 


a 


moo 


— 


= 


= 


oO 
. 


drained principally by the Virgin, Little Colorado, and San Juan rivers. It 


y contributes to to the Colorado River rer about € 64% of its load of sediment but only 7 


_ Colorado and Green rivers are perennially muddy because of the | enormous ~ 
areas of sedimentary deposits through | which they flow. Fig. 53 is a map > of the 
* « Colorado River basin above Boulder Dam showing the great | extent of sedi- 

mentary deposits. These consist of shales, friable conglomerates, and sand- 


19 *Silting of Reservoirs,’”’ by E. M. Eakin, revised by Carl B. Brown, Technical Bulletin No. ae 
Washington, D. 1939, Fig. 19. 
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stone from the Jurassic to recent alluviums. AML streams draining such de- 


"streams of the Colorade ‘River basin above Boulder 
_ The water carried past each of the sampling stations and the sediment con-_ 
centration for the period of record are given in Table 5. | The! results for Little 


TABLE Concentration, Cotorapo RIVER Basin, > 

FOR THE YEARS” Given IN TABLE 


=) Million | Per 1,000 

Greenriver, Utah ... -| Green = 288.5 678 92, 400 «8.12 


Cisco, Utah Colorado 2 6.7 3 700 2. 
Lees Ferry, Ariz..... Color rado all 930.0 86,700 | 10. 
Grand Canyon, Ariz..| Colorado 204.0 
Bluff, ah San 533.7. 
Virgin, Utah. 12.4 


- 


(tons) 
a Computed Observed | _* 


Lees Ferry, Ariz 1929-1933 07 
Grand Canyon, Ariz 1929-1933 
Grand Canyon, Ariz 1926-1941 
Lees Ferry, Ariz.; expanded... . 1926-1941 
Cisco, Utah 1930-1941 
Grand Canyon, Ariz.. 
| Cisco, Utah; expanded . 
..| | 1930-1941 
Greenriv er, Utah; expanded . 1926-1941 
San Juan River— 
1930-1941 


Utah expanded 1926-1941 
irgin, Utah; expanded... 1926-1941 
Virgin and Muddy rivers 1926-1941 


_ Colorado River (line 6) include contributions from 29,800 sq miles as a 


im ined from the difference between the records of Lees Ferry and Grand 
Canyon, 1 whereas the e drainage area of the Little Colorado itself is 24 400 sq 


miles. ‘The record of Virgin River at Virgin, ‘Utah (line 7), is unpublished. 7 
was obtained by correspondence with the Bureau of Reclamation. 
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‘It will be expedient to expan nd the records to represe wba a 16-yr — to 
conform with that of Grand Canyon, This was as shown i in Table 6, by 
‘using the Grand Cany 1yon record as an index. The method is apparent from 
_ the letter symbols in Col. 2, Table 6. . As an approximate check on the validity — 
of this expedient, the water yield is expanded as well as the sediment records; 
then the actual volume of water, as s independently measured and reported i in 
ater-t Supply Papers of the U. S. Geological Survey, for the 16-yr period is. 
fi _ given. The agreement for the w rater flow is remarkably close for all stations, 
= — ‘The Virgin River and Muddy River expansion (item 14, Table 6) is esti- 

; ane on the basis of the Ayr record at Virgin and the 3-yr record 0 of flow ‘of 
_ Muddy River at St. Thomas, Nev., from 1913 to 1916 when it was a direct | 
oa - tributary of Vi /irgin River, and taking into account the differences in drainage 

“ut 
areas. The expansion for the Virgin» and d Muddy basins was’ estimated in- 
dependently of the Grand Canyon records. 


TABLE 7.—SeEpIMENT TRIB 


Sampling station area sediment 

miles) (10 tons) 


__ Greenriver, Utah. ... 40,600 | 47 


wi 


7 
4 


a. 


43'200 


137,800 


San Juan River— 
Bluff, Utah 


Virgin and Muddy rivers. 


station ‘and Boulder Dam, and it is to know how much 

sediment this area is likely to , contribute. For this purpose Table 7 has been 
{ a" using the expanded records for the 16-yr period from Table 6. 


It 
4 
interest to know the rate at “which by” 


Boulder Dam since closure of the gates. _ These consist of (a) measured ‘SUS: 
pended matter at Grand ‘Canyon, unmeasured bed load, (c) ‘sediments 
_ contributed by the 30,000 sq miles of intervening drainage 2 area, by both wind 


water, and talus from ym canyon walls. From | the sum of items (@) to @ 
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FUTURE ‘OF RESERVOIRS 
@ Suspended M fatter easured at Grand Canyon. The Bureau 1e Bi 
tion has prepared : a breakdown of the suspended matter measured at Grand 
_ Canyon by months since 1935. — y= From all records the following total is obtained: 


February 1 to September 30, 1935 of! Reclamation)... 


‘941, to September 


Unmeasured Bed Load.—The method of ‘sampling is described in a 
Wa ater- Supply Paper of the U. S. Geological Survey. The U. 8. Geological 
Survey - milk bottle. A small weight could be 
‘eleased te to slide dow n the line to1 make a 5/8-in. hole in the paper bottle cap at ; 
desired depth. Usually three samples w: were taken at each of three verticals 


ae An analysis of the accuracy y of this sampler a as well as of other: types i is s found 
‘in a report of the Iowa Institute of Hydraulic Research. - F For present purposes 
it is sufficient to state that the greater concentration (particularly of the | 
“coarser § sediments) is in the 1.5 ft between the mouth of the bottle and the 
stream bed. For this reason an addition of at least 15% to the measured 
"suspended load for unmeasured bed load is believed to be fully justified. . 


— (c) Sediments Contributed by Intervening Drainage Area. —Of the 30, 000 sq sq 7 


“miles of apes area between Grand Canyon and Boulder Dam 11 040 i is in 


q ‘eer was a tributary of the Virgin River, but the lake has now ranbenmgel: their 
junction so that each appears as a separate tributary to the lake. ae 
“ In the 267 miles from the Grand Canyon sampling station to Boulder Dam — 


i there are a . great m many tributaries, the major ones being Bright Angel Creek, 
Kanab Creek, Havasu Creek, Diamond Creek, Grand Wash, Hualpai Wash, | 


3 Virgin River, Muddy River, , and Los Vegas Wash. © All contribute substantial | 


- quantities of sediment which in time are discharged directly i into Lake Mead or 
are carried into Lake Mead by way of the Colorado River. ee Dial iid 


a 
An examination of Table 7 will justify ‘the assumption of an. of an average © 


‘ieetnay sediment inflow of 1,600 tons per sq mile per yr, the s same as was” 
“found for the area tributary to Elephant Butte. This may be conceded to - 
‘include whatever wind-borne material i is carried directly or indirectly into the | 
he) (d) Talus us from Canyon Walls.—There is no means of estimating tl the space — 


in the reservoir occupied by the talus material that falls from the ¢ canyon w valls. a 


of high canyon walls. Since this contribution is a mall of 


Water-Supply Paper No. 636B, U. 8. Geological ‘Government Printing Office, ‘Washington, 


Practice a and Equipment Used in Sediment, Report No. 1 of “A 
of Methods Used in Measurement and Analysis of Sediment Loads in Streams,” Iowa Inst. of Hydr. 7 
‘Research, Iowa City, 1940-1943, 
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FUTURE OF RESERVOI RS 


the total ‘sediment inflow it may be: considered as included in the 


my The | Sum of Items (a) to (d). —The s silt outflow from Lake Mead occurred 
‘ae control of the flow began on February 1, 1935, and while the reservoir was 
‘filling: until the diversion tunnel gates were finally closed May 1, 1936. N.C 
a Grover, M. Am. Soc. C. ; a and Charles 8. Howard proposed!” the following 


estimate of silt ‘discharged by these turbid 


1936 


@ines closure of of the diversion turbid waters have passed through 
3 ‘ol a the control works. The silt brought in by the. density currents i is deposited i in 

the the lowest. portions o of the lake be bed and against the dam. al 
Summarizing, the sediment flow during the 7.66-} -yr yr period from | February 
a. 1935, to September 3( 30, 1942, is found as demonstrated by Table 8. ile wcovnigg 


TABLE} }8.—SEDIMENT}DEPosITED IN, LAKE ‘Meap (MILLION: Tons) | 


| 


Lal 
o> 
B 


| Suspended sediments passing Grand 1,485 a; 3, 436 
2 Unmeasured bed load at Grdnd Canyon; 15% of i item 1 
8,,.-] Gonteibuted by tributary drainages... gece 368 | 816 


February 1935, to September 30, 1942. October 1926, to September 30, 1942. © Contributed by 
a 30,000 sq miles of tributary drainage i in the years of record stated, at 1,600 tons per yr per sq mile. a 


similar to Table 8 may be made for the 17- ~yt period from October 1, 1926, to 
: September 30, 1942, on. the assumption that it is representative of future 


n 


accumulations (see Table 4a nd item (a)). 

the Lake Mead deposits no better « estimate of the specific weight can 
oo ‘be made than to use the composite value of y = 65 lb found for Elephant pm 
= 


eee Butte Reservoir. On that basis an average annual sediment deposit of 280, 


million 1 tons per year would o occupy a volume equivalent to 198,000 acre-ft. psd 

‘Fig. 6 gives the storage capacities for Lake Mead. The sediments deposited 
Ne _ have remained submerged except the upper portions of the deltas of the main 

and tributary streams.* Only in a cycle of dry years after virtually all water- 
consuming projects ir in t the upstream parts of the basin have is 
there likelihood of any substantial portion of the is depoatia becoming exposed, 
which would tend to consolidate the deposits.>5 j= 


“Silt Problems,” by W. E. Corfitzen, Civil Engineering, November, 1942, p.616. 


ae ee _- 25 See Report No. 9 of ‘‘A Study of Methods Used in Measurement and Analysis of Sediment ‘Loads i 1D 
Streams,” Towa Inst. of Hydr. Research, lowa City, Iowa, 1943. 
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FUTURE OF RESERVOIRS 


“If the rate of should there’ would ‘be’ 
- posited a volume equivalent to the storage capacity at the crest of spillway ys a 


| 632,000 acre-ft) in of 144 years from the time storage began; or 


_ Sediments are not deposited to uniform. depths within the reservoir. . Deltas oan 


form at the mouth of every tributary and at the inlet of the main stream. © 


1045.0! 
112274! 


of Upper Tower 
Gates, 


700 
Millions of Acre- Feet | 


These a are reworked at varying lake levels; yet they maintain a sloping surface 


parts of the reservoir bed and against the dam. _ The reservoir walls are con- 
tinually weathering down to form talus slopes | at their bases, whereas their 
upper reaches are being sloped back to stable angles of repose. 


26 
tow ard the thalweg of the reservoir. : Density currents carry | fines to the low 7 2 


ws 


| 


ue The main stream has a tendency to build up its bed above the reservoir to — " 


maintain its original slope as it was before its deltaic deposits began t to form. a 
if the material is coarse the back sediment curve may extend a long 1 way ‘up- 
- stream, as demonstrated by the profile ¢ of Bear Creek i in California.”” If the 


- stream joins s the reservoir in a flat valley the entire valley floor will be built 1 up ar 
Bem some grade commensurate with the hydrology of the region and the character ae 


_ When the river joins the reservoir in a narrow canyon, there i is little. oppor- — 


-tanity for the stream bed to aggrade itself because any deposits left at low i 
and medium stages are carried away in subsequent freshets. Of such is the 
| junction of Colorado River and Lake Mead, since the t upper end of the reservoir 
_ lies generally in ‘narrow gorges. The opportunity for extensive deposits above 
lake levels therefore i is lacking, and practically all the sediments ¢iutispiorted’ — 


by the river as measured at the Bright ‘Angel. station in the Grand Canyon are 
é: carried into the lake and cause it to lose storage capacity. = bide 


It may be assumed that the climatic conditions over the life ‘span ¢ of such s a 


— 
rs May, 1946 «619 
— 
ed 
as 
n 
ng a 
| | | — 
— 
| 
to. 
ure 
— 
: 
can 
— 
ant 
280 
— 
ain 
d 18 
sed, 
Teservoir as Lake Mead will not change materially. ‘The allowances that have 
38Sedimentation in Reservoirs,” by Berard J. Witzig, Transactions, Am. Soc. C. E., Vol. 109 (1944), 
men “The Silt Problem,” by J. C. Stevens, Transactions, Am. Soc. C. E., Vol. 101 (1936), p. 219. mi og _— 
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“4 _ There are 3, 200, 000 acre-ft below the low est gate sill; but water cannot be 
me drawn down to that level. ‘The dead storage, therefore, may be estimated at 


5 years 's will he. for the lake to fill the -dead-storage sp: space, | 
Z encroachment on the active storage has already begun. Half the ‘Temaining t 


_ volume (11,300,000 acre- e-ft to the spillway crest) will be occupied in about 57 
* years more, which will see the usefulness of Lake Mead miei impaired for 


7 OA volume equivalent to the total capacity to spillway level probably will | | 
.. caught 1 in the reservoir in about 144 ‘years from 1935 or, say, by the year 
= w at it will have ceased to exist asa storage reservoir. However, 


walls gulating storage for the power such a river-run plant can gpaeente | 
possibly half its ultimate installed capacity of 1 300, 000 


the great i investment and the importance of this development to. 
ow entire southw estern part of the United States, it will be prudent to adopt 


whatever measures appear feasible to increase the period . usefulness of Lake 
Mead. The measures to be considered are: 


(a) Land ‘management on the watershed; em 
= (c) Upstream storage for sediments and and other purp ; : 
@ Removal of sediments. 
Management.—The artificial given to increasing “vegetal 
a on the e watershed, even if it were 100% effective on the areas where it can 
practiced, cannot affect the total volume of sediment flow greatly. The 
areas where such treatment can be used are on range land and forest areas. ol 


<i _If grazing areas are managed to produce their maximum forage yield the | 


— prevention feature will have been provided for automatically; that is, 
the prime objective in management of range land should be to furnish as as much 
food as practicable for live stock on a sustained yield basis. vy “a 
iF In areas suitable for forest cover the prime objective should be to produce - 
continuing yields of of merchantable timber. planting and care of forests 

_ solely to prevent erosion can rarely be cunidnned a sound financial investment. 
In the Colorado River basin, or in fact in any other arid section, natural 


ronal forces so outw yeigh those attributable to man’s activities that the best 
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Mead could be reduced a as s much ¢ as s 10% by ‘all the paved practicable methods 
land management known today even though lavishly financed. 
“the Density Currents—Engineers are just st beginning to learn something about | 

the stratifications of the contents of reservoirs. Layers: of silt-laden w vaters, 

_as well as those of varying temperatures and of varying concentrations of dis- 

solids, remain intact to a remarkable degree. nontechnical discussion 

this subject | was published in 1942 by the Department. of Agriculture.’ 

be Knowledge of such currents was not available, or at least was not recogi’ ined 
7 to be of possible value, until after Boulder Dam was completed. Facilities for 

handling density currents and withdrawing water at will throughout the depth 7 

of the reservoir are lacking. _ The technique to take advantage of the current _ 

_ limited knowledge of this subject has not been 1 developed as 3 yet toa practical — 


science. Although it offers some promise in the operation of future 


practical benefit two discussion. There i is also the 
question as to whether these fines, if deposited on irrigated land, might not 
have the effect of sealing — interstices of the soil and thus prevent proper air 
The subject is worthy of extensive study. Projected reservoirs in arid q 
sections where such density currents and stratifications are likely to exist might | 
well be provided with outlet gates : at varying | levels i in order to take advantage < 
future possibilities in passing on inflowing sediments. 
Upstream | Storage for Sediments. —This subject cannot be > treated i in n gener- 
alities but will be confined to the specific case of Lake Mead. 7 A number of 
_ reservoirs on the Colorado River and silt-laden tributaries have been proposed. — 
The principal ones are Bridge Canyon, Glen Canyon, Canyon, and 
Dew ey Reservoir on the Colorado - River; Bluff Reservoir on the San Juan 
_ River; and Coconino Reservoir on the Little Colorado. » ae reservoir for silt 
storage should also be found on the Vi irgin and Muddy 1 rivers, but all studies so. 
far made have been concerned with irrigation a and flood control, only 
- incidental studies of the s storage possibilities for sediments have hewn made. 
_ Bridge Canyon R Reservoir — project | has been for additional 


| Suspended sediments passing Grand Canyon... 3, 436 


20 _Unmeasured bed load, 15% of item 1. 
Sediments contributed by 7,400 miles tributary 
Bes: drainage i in 17} years 1 tons ons per sq 1 mile per 204 


> per year. . 


ae ‘Stratified Flow i in Reserv: oirs 5 and Its Use in 5 Prevention of Silting, ” by Hugh ‘Stevens. Bell, Mise 
cellaneous Publication No. 491, U. 8. D. A., Sedimentation Div., Office oO! Research, Washington, D. C., 
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FUTURE OF RESERVOIRS 
—s On the basis of a specific weight, , of 65 lb, this wo would represent an average 
deposit ir in the reservoir of 172 000 acre- -ft per yr. ‘At this rate the dead storage 
would be filled i in less than 5 years sand the reservoir would be completely filled — 
in 14 years. If any power equipment were installed more than that required — 
for a river-run ‘plant, . the excess would become virtually useless in about 10. 
a years, which is too short a time for erursgeeeae Any power development 
therefore should be made with these factsinmind. 
Bluff Reservoir. —This reservoir is near the of the San Juan River. 
The suspended sediments passing this site (Table 6) are 55 million tons per 
year. ‘The storage cé capacity has been placed at 1.5 million acre- ft. The sedi- 
i a ments” from this stream are believed to be coarser than those in the Colorado 
-_ ‘River... The loss of storage ‘space in the Bluff Reservoir , therefore, 1 may be 
r placed at ; about 30, 000 acre-ft per yr ona basis of y = = 85 lb requiring 50 years _ 
fill this reservoir. During this period considerable p power could be generated 
a but the capacity to be installed should be considered in the light of the possi- 
_ bility that in 30 years the development would revert to a river-run plant. | wl 
Coconino Reservoir —This reservoir would be located in the lower reaches of 


_ the Little Colorado River. T he proposed storage capacity i is 1,600, 000 acre- -ft. 


_ Table 7 shows the difference in the sediment flow between the Colorado River te 
at Lees Ferry and at Grand Canyon to | be about 48 million tons per year. Of fo 
this « quantity 35 million tons. may be - conceded as coming from the Little — ™ 


Colorado: River into this reservoir. los loss of storage space is placed 
~ 23,000 acre- -ft 1 per annum on a basis of y = 70 lb. - Therefore, the inweseel 


_ This stream would be of no value for a ti river-run power oer and it i would 


‘be unwise to attempt any commercial power development at this site. 
bar Dewey | Reservoir —The dam for this reservoir is proposed on the Colorado 
4 ‘River ave the mouth of the Dolores River. Its storage capacity as projected = 
a is 6 million acre-ft, of which 5 million is active. The ‘sediment passing ‘the -* 
ae Cisco sainpling station, from Table 6, was 22.5 ‘million tons per year. If § y' 
;- y= : 75 lb, this sediment inflow would cause the reservoir to lose 14 ,000 acre-ft a 
of storage space per year. _ -Thisi is a relatively small volume for it would require fe 

a ‘more than 70 years to exhaust the dead storage alone and 430 years to fill the d ; 


J 
reservoir in the it may admit of being for a “storage” 
capacity of 70 million acre- of which 60 million would be active. The dam 

. _ would be just above Lees ‘Ferry. «Tt would be 800 ft high | and » would back 
water to the foot of the Dewey Dam, a distance of 350 miles. 
er sit the dam were built to this height the reservoir would include the Dark 
Reservoir. The foundation and abutment would be in a Jurassic 


ina 


nan 


oe er ‘quartzose ‘sandstone of uniform texture that stands in vertical cliffs 1 ,000 ft 
ed _ ‘Or more in height.’ 30 «The crushing strength i is fi from 2 2,000 to 6,000 Ib per sq in. : a 
4 “Water Power and of Colorado River Below River, Utah,’ C. LaRue, t 
Water-Supply Paper No. 556, U Survey, Government Office, W ngton, D.C. 
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is a matter for careful consideration. age! gd ut: 1-19) "7 

& If Dark Canyon Dam i is to be considered, Glen Canyon Dam could only be fo 

‘built to a height of 400 ft and the combined storage of both reservoirs would 

be only about M million acre-ft. _ Thus, 56 million acre-ft of storage would be a 

At its highest level the area of the larger lake would be 300,000 acres and at , 
its lowest drawdown 75,000 acres. _ The annual evaporation from. this lake 

would approximate a million acre-feet p per year. 

evaporation from Lake Mead ‘now averages” about 800 000 acre- 
per yr. - During its later years, ‘on account of increased consumptive 1 use up- 

"stream, Lake Mead cannot be held to the high levels possible now, which will 


“result i in reducing the annual evaporation over r that w hich obtains at b present. 


The loss of 1.75 million acre-ft of by if both 

y “reservoirs were in operation simultaneously, i is too big a price in water to pay 

, for the temporary advantage i in power generation. _ This loss would a 


_ more than a half million acres of land whose v: value to the nation is far greater 
} than the power that its sacrifice would make possible. _ Power may be had from. 
; other sources but the Colorado River is the only source of w ater slams irrigation — 


namely, 150 million tons per year. The sediments are doubtless somewhat >. 

| coarser than those at Lake Mead; hence, if y = 69 lb, , the rate of filling becomes — : 
000 acre- ft per yr. This would fill the 1c low-level ‘Teservoir of 9 million 
-acre-ft in 90 years. If the high- level reservoir "were built it would take 700 

re ears to fill it completely, although its usefulness as a regulator of the flow of : 

- the Colorado River would be lost in half that time or less. poli ay 


| The power possibilities at such a high dam and with such enormous aailnia. . 
back of it would be very great would probably justify as ‘much as 


Dark Canyon Reservoir.— For the height . of. dam of 550 ft, this. reservoir 
4g would have only 5 million acre-ft of storage capacity. It would back the water 
_up the Colorado River to the Dewey Dam and up Green River to the City of , a 
_ Greenriver, Utah. Its normal area would be about 20, 000 acres, from which 

evaporation would be close to 100,000 acre-ft per yr. pi 


There i is some uncertainty as to whether the forming the 
fe foundations ; and abutments for the dam would be stable under the loading. — 
* If that were decided adversely the stretch would have to be broken up into 


smaller reservoirs or the } project. abandoned in favor of the Glen Canyon project. 
The sediment that” w ould be caught may be estimated from Table item 5, 


_ to be 100 million tons, representing a loss of 61,000 acre-ft per yrona basis of 


= 75 Tb. would fill the entire reservoir in 82 years. 
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FUTURE OF RESERVOIRS 


which the generating capacity would gradually be reduced from that of a 


storage plant to a river-run plant, but the of the ‘sacrificed | 


In order to determine the effect « of sediment storage 1 Lien from Lake 
_ Mead a schedule of development was projected from which Table 9 has been 
prepared. The sedimentation rate is without regard to other upstream 


reservoirs. capacity lost is contingent up upon the reservoirs upstream. 


TABLE 9.— COMPUTATION or Storace Capacities Lost IN THE RESERVOIRS 
tHE Cotorapo River Basin (1,000 Acre-Fr Units) 


RESERVOIRS = ANNUAL Loss, T = Torau Loss, 


7 


— 


years 


| 


Year completed. . 1970 “1960 1935 
Storage capacity . | 1,600 | 2,400 28,632 


pe 


198] 3,168 
184 920 
26 130 
30 26 

30 26) 754 
30 | 45| 495 
0 
0 
0 


— 
= 


wo 


ane 


75| 1,500 
98| 4,410 
184 | 16,928 38° 

|28,565 


schedule data similar to’ those of Table 9 could be prepared. The one 
is more illustrative than of a plan of “development. 
_ Boulder Canyon Project Act authorizes the Secretary of the Interior to prepare 
comprehensive plan c of development for the e Colorado River basin. The 
first draft of that plan has been « completed by ‘the Bureau u of Reclamation a1 and 
7 it is not the intent herein tot usurp the prerogatives of that a agency in 1 this regard. 7 
In Table 9 the sedimentation ‘periods are > recorded for even years only, 
arg explains why the total capacities lost do not check exactly with heondl 


original 1 reservoir capacities. ee The time required to exhaust t the entire storage 


capacity of each reservoir may be found as follows: 


1956-1999 44 
(1985-2167 


— g 
— 
— 
7 ml 
= 
— 
er 
(1951 | 19 70 ‘78 
1956 | 1960 | 5 | 14) 70) ..|.... 178 
1001 | 1970 | 10 140] .. 232 
ie 1971 | 1999 | 29 | 14| 406] 86 |2,494 727 
9000 2010 11 | 14 154] 86 946 97 J 
2011 | 2030 | 20 | 14] 280] 86 |1,720 637 
—— 2931 | 2075 | 45 | 14| 630| 86 3,870 65 
11,500] .. | 1,610] .. 12, 
Totals.........] 233 | .. |3,038] .. |9,030 1 
a 


FUTURE OF RESERVOIRS 


OR Removal of: Sediments.—No practicable method of removing ‘the enormous 


volume of sediments with which this p paper + deals has been found as yet. ~ Once— 
the sediments have lodged in the reservoir, there they will remain unless some 
mythical Paul Bunyon and his blue ox can be found to plow them out. _ Lake 


“of nits. _ Even at 1% p er cubic pe for removal the cost would be 430 
cone dollars—about six times the cost of the entire Boulder Canyon a ; 


-ConcLusions 


a. The cumulative totals for Lake Mead from Table 9 are shown nee 


in Fig. 7 _ Ont the same drawing is shown the capacity lost at the uniform rate 


it is estimated w ould occur if the is 


present rate of filling continues. - 144 Years 


of the ‘upstream storage sched- 3 
on the useful ‘life of Lake 
Mead is pointedly shown by 
these graphs. _ The operation of < 7 
all” upstream | reservoirs “that ¥ 
could serve to withhold sedi- , 
ments and that now 
lieved to be feasible ‘will only 
prolong the total life of Lake 
Mead 89 years or "62%. 
There i is a question whether 
‘ee high | dam at Glen Canyon 


were built, however, it would 
cre-ft of sediment per year from Lake Mead after Bridge Canyon, Bluff, and . 


° 
= 


Coconino reservoirs were filled. _ This would extend the life of Lake Mead 173 
= years beyond 2075 to the year 2048—a total life of 314. years from 1935. “re 
If both Lake | Mead and Glen Canyon high-level reservoir were operated in 
= there w ould be a great loss of water by evaporation. Even if it were 


pronounced fe feasible, it is | strongly recommended that the construction of Glen | _ 


Cany on high dam be deferred until some future time when the storage facilities — 


ye 


of Lake Mead shall have become seriously impaired. Tee er = 
fi _ Bridge Canyon f Reservoir would have its life extended { from 14 to 44 years 
by the upstream reservoirs projected, which is still a v y short time in which 
to amortize large investments in power equipment in excess of that nvhich 


In this study Elephant Butte Reservoir was used ‘primarily | as an index of 


the e average value of the specific w weight of sediments in it, as well as in Lake 
Mead. The feasibility of constructing reservoirs upstream from Elephant 


Butte is doubtful. The Rio Grande between Colorado, New 
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; “§ to the present high consumptive use and could well be considered a violation of 


only course left, therefore; appears bet to continue the use of Elephant 

— Butte Reservoir until its usefulness has become impaired enough to warrant 
the- construction of a substitute reservoir. — Even this might i increase the 
present consumptive use. That, however, is a subject for future consideration. 

7 i these studies the effect of land management in withholding | sediments — 
a permanently from the reservoirs has: not been taken into account because its 
efficacy i is so closely bound up with administrative policies and congressional 
appropriations: that its effect, even if known, lacks the essential element of 

_ The western arid states depend upon irrigation for their very si 
Sedimentation constitutes a direct threat to that continued existence. — Some- 

_ thing must be done about it, but to do anything engineers must first have data 
—, a ‘on sedimentation i in all of its phases. _ ‘The available data are pitifully meager, 
and must be gr greatly enlarged before any y constructive p program for relief can 
_ be developed. For “example, it | appears that some 64% of | the silt in the 
Colorado River is ‘contributed by the sedimentary plateau drained by the 
Juan, Little Colorado, and Virgin : rivers, the area of which is only one tenth 


a 


that of — Colorado River drainage basin. Here is an area where extensive 
would pay handeome dividends, are 
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MOVING ‘LOADS ON RESTRAINED BEAMS: 


R. C. BRUMFIELD, M. AM. Soc. C. E. 


a simple beam, for maximum moment under on one of its entoenteiioas, eee 
requires that the center of the span bisect the distance from the center of 


gravity ¢ of the he load to the concentration in question. There i is also that other 


criterion for placing the Joad for maximum moment at a given point, which 


hat throughout the span. "When the ‘ends of a beam are ‘restrained these 


ase 


t 


criteria cannot be applied; and the further when the 


object is to find the loading position for maximum moment at the restrained | 


ends. In the — veer problem of were moving loads on fixed spans has 
“sty been solved, r ather laboriously, by the use of influence lines. 4 - 
a In this ; paper the concept of the transmission coefficient will be introduced : 

and equations expressing its value will be: derived. the idea of the trans- 

mission coefficient: will be. developed a method for computing the restraining 
bendit gu moments at the supports sof restrained beams, due to any 
load placed. on the e span. The will be maximized an an nd 


at the'e support died. oat in the spe span. “An new will bei for 


sign or sense of the bending sdeanenih i in rigid frames; and ; methods will be d 


cy eloped for. distributing the; ‘moment to the frame i in a single operation. a 
Hy, Although the methods contained in this paper may y be rendered applicable. b 
P to beams of all types, the present scope will be limited. to straight beams of 
“uniform ¢ cross section. Other applications will be outlined but not discussed. 
OTE. .—Written comments are invited for immediate publication; to: insure the last dis- 
cussion should be submitted by October 1,1945. 
ia Associate Civ. Dept., Cooper Union, New York, N. 
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‘DEFINITIONS AND THE -NoMENCLATURE oF UNusuAL TERMS 


AS far as practicable, the effort is to conform with standard letter symbols 
~ jn common use for structural analysis, and these symbols. are defined where they 
first | appear in the paper. _ ‘Inherent i in the usefulness of the paper, however, 
are certain _ symbolisms peculiar to the method itself, and the nomenclature 
- needs to be understood clearly to grasp the full import of the paper. Such 


= transmission cc coefficient, a dimensionless fraction by w Ww hich » a = 


‘moment, introduced into one end of a span by forces outside the 
span, is multiplied in order to obtain the induced bending moment 
at the opposite end of the same span. ul ‘This ¢ coefficient becomes 


‘identical with commonly 1 used ‘ “carry-over factor” Ww hen its direc- 


tion of transmission is toward a fixed on 


r= radius of f gyration of a series of loads with fixed spacing, found by 


taking the square root of that results 


= span distribution ‘ratio, : or the radius of ‘the 


group divided by the length of the st span on which the load is placed. 
- § = modulus of dissymmetry, or the algebraic sum of the > products of the 


individual concentrated loads of group and the cubes of their 
_ respective | distances from the center of gravity, « distances on the 


$i ote being considered positive an and those on the left negative. ie 


s.. = radius of dissymmetry, or the cube root of the quotient found by di- 
viding the modulus of dissymmetry by the total load. 
- ¢ = dissymmetry span ratio, — , the quotient found by dividing the | radius 


‘tpinlaet nl dissymmetry of the loading | group by the length of the span in 


stiffness index, the ) product of the span ratio Q ofa member — 

= restraint index which, for a particular member at a ‘ides is equal to 


the reciprocal of the ‘sum of the reciprocals o: of ‘the stiffness indexes 
of all other members radiating from the same joint. 


Mm =m _ moment split. For a particular member, moment split i is that number | 


by which the moment delivered to the joint by a second member of 

same joint is multiplied to obtain the induced moment in the 


a = = treme split. For a particular member of a joint the torque split is § f ‘f 

that number by which artificial torque, applied to a joint by some 5] 
2 means such as a crank, is multiplied to obtain the induced moment " 
in the particular member to which the split applies, 
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reciprocal o 

4 ‘The theorem of f three moments is { familiar to engineers as a tool of. computa-— 
tion. - It can be derived simply from the use of the second principle of moment 
areas. — When any number of spans radiate from @ common rigid joint, the . 
theorem of three moments may be applied | to any pair of them, if one member 
of the: pair actuates rotation at the common joint and the other ‘opposes it. 
Let the two spans being considered be given the numbers 1 and 2. — Let the | : 


quotients found by dividing the lengths of the : spans by their ‘respective me mo- 

ments of inertia G- x) be and Qn If there are single | Wi We 

IK 

‘in each of the sp spans, placed at distances ky l, end ke Ris respectively, y, from tho 2 

left eee’ the theorem of three moments is stated asfollows:; = © 


2 Q: + Mu Qs) Mir a 1 (kr — 


‘nds exist in either of the two spans, the right- mand 6 side of the equation be-— 


The three contiguous spans, AB, BC, and BD, ‘in Fig. g. 1, radiate froma 
‘common, ‘rigid joint B. | The supports at A, B, C, and D are free supports. 2 


‘and D. Their connections ‘beyond these points are e wholly 
immaterial to this discussion, except as expressed by the transmission coeffi-- 
cient. There are two transmission coefficients C for any span, one in either of 
the two directions. — » 2 The letters used to designate the span are used as ‘sub- = 
scripts to denote the direction of transmission in in the span. - Thus Cap denotes _ 
‘that coefficient which ‘transmits moment from A to B; Cpa that coefficient 
transmitting m: moment from B to A 
mm In Fig. 1, a a unit ‘positive cc couple i is assumed to have been introduced into 
AB, at end A, from the: left pe By definition ¢ of transmission coefficient, a ee 
induces Cap at the opposite end of span AB. | The bending moment Cas is 


_ negative, according to the ordinary mechanics of materials concept of 
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"moment, since the couples cause a Teverse curvature in ‘member r AB, 
x The moment _ Cos B divides at joint B, and induces two unknown moments 


moments of. +M, C, and M,C, at the outer ends of their respective spans. 
Remembering that there are no loads in either of the three spans, the theorem 
of Eq. 1 may be applied to span AB, in combination with either of the ater 


the sum of and Mz must be equal to Capi in onder to have 


_ The value of C that appears in the stiffness iasen i i is that one which trans- 
moment from the joint of the toward Cas transmits 


: _ As defined in Section 1 the reciprocal of the sum of the reciprocals of the 
7 _ stiffness in indexes of the receiving members of a joint is known as the restraint 


index, R, of the transmitting member. If one member of a , joint transmits 
_ bending moment to that joint, the other members all resist the rotation of the 
joint due to this moment. | The restraint index for this transmitted moment, 
or rather for the transmitting member, is made vu up of the reciprocal of the sum 
of the Teciprocals of the stiffness indexes of all the resisting members of the 
joint. These include all members except the transmitting 1 member. ‘The: 
7 transmission coefficient C of any particular resisting member, which appears in 
the stiffness index of that member, will be that one which transmits moment 


away from the joint under consideration. With these copnepta.mn n mind, Eq. 4 


ie a The restraint index Rk contains the entire effect, on C, of all the restraining 


This: value of 0. 5 i is the greatest value of C for beams of u uni- 
* * form section. Greater values than this may be had when the beam is of non- 


Bok uniform section. — a. When R becomes infinite in value, the computed v value of C 
‘4 


-_ Mi, | and My, at joint B, in ‘spans BC and BD. _ These ir in 1 turn induce 
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becomes zero. occurs in the case of a free support. Negative of 


i 


coefficient occur for curved beams. 


5 gives the value of the coefficient fora is also 
“desirable to know how the moment, w hich arrives ata joint, such as joint _ 


AHHH 


1, is divided between each of the ‘two receiving members:1 and 2. ‘The 
multiplier that gives this d division is termed the e moment split f for the receiving ~ 


values are deduced from the former computation. 


M, = Me 
In the case se under consideration, Cis is to M M, +My wits 


4 


‘ 
= 


4 Mi = Ca 
4 the > joint, and i is the stiffness index of the Genin member whose part of 


— ‘moment. division is being sought. The moment split is the ratio of the 


‘The sum of these -values all receiving members to which moment. 
"divides, 


OADED 


When & span are known , it is possible to 
compute, accurately and w vithout the concept of fixed-end moments, the in 


duced restraining moments due to loads mie on the open. Je 


>. 


Jw 


ig. 2, span AB is loaded with a single conce load W a 

distance k L from the left Support. The. span AB has the two transmission 


Coefficients Cr and Cr Ly , toward the right and left, Tespectively. Its Q-value i is 
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without subscript. ~The is restrained, at the left and 
ir ‘Tight ends, by two spans at either end. These are designated, in all respects 


pice i by number-letter subscripts, as 1R—that i is, No. 1 span on the right, etc. 
2 Let it be assumed that the induced bending moment due to W, in span AB, 
— at the left end, is Mz, and at its right end is Mp. . The induced bending mo- of 
ment in span 1L at joint Aw ill then be Mi m1, and at its outer end will be be 
Cu similar set of moments exists in span 1R as shown: 
+The theorem of three moments, shown in Kq. 1, may now be applied “ag to 


the » pair of « spans AB and 1L, , and second to span AB and span 1R. nus 


— Mim mit Cit Qit + 2 (Mz mi + Mi) 


Mame Cin Qe = — 


- Segregating the Mz,-terms and the Mp- terms i in each of these equations: BA 


Mr + Mp | 2Q + mr Cin) |: = —WL(k — #).. (110) 
definition: (2 Cit) = UL}; (2 — Cap) = = tip; mrt = =; and 
mr = Therefore, Eqs. i become: & 


written: 


_ Eqs. 13 now may be solved iat for the two unknow n quantities Mi 
and Mp, with the following results: 


W [(2k — k) — ( Cr (k = 
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Eqs. | 14 give values of the bending. moments, at the supports of any 


“restrained beam, when a single load W is applied s at any point in the s span. 
The negative sign of the bending moment indicates the usual concept of posi- - 
tive and negative bending moment—-that is, that the radius of curvature ex- , 
7 tends from the beam in the same direction as the positive inducing force presses — 
‘Thea accuracy of Eqs. 14m may be verified re: adily. Let the case of a single 
span | be considered, w hich i is fixed at the right end, freely supported at the left 2 
end, and is loaded with a a single load W at the ‘center. In this case, Cri is 0.5 5, . 
is 0.0 0.0, and has the value of 0. 5. in in Eq. 14b: 
[(0.5 — 0.5%) 0] Who 


> 


“Eqs. 14 readily into suitable equations computing 


. restraining effects of uniform loads. _ In Fig. 3 is shown a single span with a — 
‘uniform load of w pounds per foot throughout. 
“length. single differential portion of | this load is 
indicated at the distance k L from: the left. Its value 


“considered i in ‘the ‘equations as a load, 
Fie. 3 


“of which an infinite number the total 


uniform load. Their complete effect may be ha had by integration, 

= |] + 8) Cr (k - — k)] dk. (15) 

‘Integrating and substituting the limits, the expression for beams uniformly QS 


= 


Similarly: 
In verification of Eas. 16 and 17, let the beam previously considered, oe . 
fixed right s support ame a free eee at the left, be loaded with w pounds acd 4 


Toot. The hen: Mr= 


Loaps 


Eqs. 14 are entirely serviceable for the case of a span with restrained ends, 


2 with a single load. They may | be made to serve also for a span loaded © 


with a series of concentrations, by computing the separate effects and adding _ 


them algebraically. — - This i is tedious, and therefore it t is desirable t to modify the 7 ‘ 
- equations to apply to the « case of: a span loaded with a series of loads with fixed a > 
bw. such as a truck load a locomotive load, etc. When. so modified the 
net effect of all loads in the series Ss may be enmanted at one operati n. _ 
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“ The sum of these two loads is W. The center of gravity of the load lies ata a —& sre 


gre 
a a: distance EL from the left support. ; Each of the loads in the series lies ata § af 
J, “distance: a, L from the center of gravity of the entire group. Thus W; is mn 
distant a; L center o of f gravity. By definition, the a the 


peculiar of being negative when the load which it measures lies to the 

left of the center of gravity, and positive when to the right. All values ofa — ™ 

then reverse sign, when the load i is turned around. 

" ’ oy For the purposes of ‘substitution in Eqs. 14, it is is obvious from Fi Fig. 4 that: 4 

Si 


these values of ki k in Kc Eq. 14b an and expanding: 

(E+ a) + re Ska’, rw a} 


A 

ee rm In Eq. 21, let: The dieu of inertia of the loading § group about its 0 own ce center é. 


: a 

fe 


- the modulus of dissymmetry | of the loading a its o own center of | 


cand, by definition of the center of gray gravity— ool 


L) = 0. 


_ Eq. 21 may | y then be rewritten: 
Wh Ww 4 


_ Now according to the ordinary definition, the radius of an of the load- 2 - 
ing group is equal to the square root t of the quantity U/W. Similarly, the F, 


radius of dissymmetry of the loading | group. may be defined by the: equation: 


a Eqs. 25 are perfectly general and will give the bending moments at the sup- h- 


Portis of a  reiznined beam induced by any combination loading except a pure 


The equations are in the form i in which ch they appear. 


mecessty of determining the d detailed values of the k and A-functions for fur 


case. Inv Fig. 5, the following quantities have been | ‘Plated 
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The curves in Fi ig. 5 are read: able accurately to three plac as a result 

a . 27 are entirely oo oe satisfactory accuracy, when only slide-rule 
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tT example o of tl the use use of Eqs. 27, let it be required “4 find the e bent ac 


5, ft long, par which carries a pair of truck concentrations spaced : at 12 ft, weigh- 
ing, , respectively, . 4 tons and 8 tons. Let the 8-ton concentration be placed at wi 


the span center with the 4-ton wheel to the left. 
the center of. gravity ‘be a distance z from the 8- ton wheel; then: 
ft; U = 4x 8 X = 256 + 384 ton-ft?; S = 256 
(— 8) + 128 x4 — 2,048 + 512 = -. 1,536 
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and D = 0.310. titu 


a 


[0.276 + 0.0047, = 0.5 0.31 


6 ft-tons. 


In Eqs.2 Eqs. 25 only ty two o variables a are involv ed, v Ww hen the load i is moved 01 on the + 
span, if it retains fixed s spacing in mov ovement—the bending moment, ‘and the 
-Tatio k. The ‘designer take a derivative of M Ww ith Tespect to k, equate 


W this is 
in for paar of the two equations, the following two criteria are obtained for 


wis 


placing a load in a restrained span in order to produce maximum bending > 


moment at either of the two restrained supports: For maximum bending mo-- 


> 


(290) 


= 


4 


295 give the pi proper locations of the center of gravity any spacing 

loading i in any restrained span, in order to produce maximum bending moment 
| at the respective supports to which they apply. It is s significant that these 
locations involve only two variables. _ For maximum moment at the right sup- 


of the support at the left end of the beam, as expressed nema the coefficient 
CL. Similarly, for maximum b bending moment at the support, the location 
of the load involves only ‘the s span distribution ratio and the character of the’ . 
‘Support at the opposite | or right end as expressed through Cr. _ The e dissym- 
metry y of the load is not a factor. . Thest support. at the right end r may v yary in its 
restraint from fixity t¢ to a free support; yet the location of f the | moving load for 7 


‘vent the actual maximum from varying in value, as the degree of restraint varies. 
2 Eqs. 29 apply: to all kinds of loads, with he exception of a pure couple, | or 
which will be treated separately as a special case. Most frequently it is neces 
sary” to use the: equations i in connection with loads, all of w hich act in the same > 
“direction against t the beam upon w hich they are placed. — For « convenience, ‘the 


- equations | have been platted in the form of curves for such « cases, in ‘Fig. | 7 

applying to either of the equations. These curves might well have included 

‘only the transmission coefficients from 0 to 0. 5, if they were to be used only 

with beams of uniform section. _ The curves are also useful in connection with 

beams of variable section, and for that reason the coefficients represented have 
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Example. —Let it be required to find the position the lend, in the problem 
given in Section 5, in order to produce maximum bending moment at the right _ 
"support, and to compute this bending moment: A = 0.189; andC,=0.5. 
__ Enter Fig. 6 at A = 0.189 and follow across. horizontally to the value of 
—C, = 0. 5, then follow vertically down to the lower horizontal ‘scale, to read: 
kp = 0.6075. - For this value of & and the value of \ g given, the designer ext 


finds, from F Fig. 0.318 and D = 0.289. Then Mr =-12 


x 30 —~?— [0.318 +0. 0047, — 0.5 (0.289 — 0.0047)] = — 360 x 


This represents an increase of about 407% © over the bending moment obtained. 


with the heavy wheel at the span center. 


‘Fig. 6 represents only a part of the range of results possible with Eqs. 29. 
‘When the loads do not all act in the same direction (as: would be the case when 
a column rests on a girder and carries a bending moment at its base in addition 
to the direct compression n in the column), one of the two forces that make up iS 
the bending couple acts in a direction opposite to that of the direct: ro ee . 
and the other force composing the couple. In such a case, particularly when 
the couple is large and the direct compression small, the center of gravity lies” 
outside the loading group, even outside the span in many cases. Wher such - 
loads occur, \? may be either positive or negative and much greater than repre- 
sented in n Fig. 6. _ The equations must be be solved directly for & in such a case. 
Any value of & either positive | or negative is useful for computing the moment 


‘that will cause the loading group to lie entirely on the s span, 


Saree SIGNIFICANCE OF SPAN DISTRIBUTION RATIO AND 
DissyMMETRY SPAN Ratio 


at 


N 


INTERCHANGED) 


(ror VauuzEs or \ GREATER THAN 0.289 THE k-ScALES SHOULD BE 


loads act in one direction only, the span ratio, A, becomes 
j a measure of the distribution of the load throughout the span. If) i is small, 


the load lies bunched near a point. If it is large the load is distributed more 
generally like a uniform load. 2 In fact, the point at the upper right of Fig. 6 * 
‘through which a all the curves es pass represents the v value of A of 0.289 for a uni- i. 3 4 
form load throughout the span. F In pension, for loads in one direction =: 


BAM 


B 


As previously mentioned, , the span distribution ratio is s a controlling factor 
in determining the position of the load for maximum bending moment at either — 7 
of the ‘supports. _. This is evident from Eqs. 29. A large value of will reduce 

the quantity under the radical in either equation. 


As will be shown subsequently, d is also an important factor in determining a) 
the position of a moving load i in order to produce maximum positive bending ral 
moment under one of the concentrations in the s span. 
‘The dissymmetry span ratio, as its name indicates, measures t s the degree c of eas 
dissymmetry c of the load with respect to its own center of gravity. . W hen 


ie symmetry exists the modulus of noon is always equal to sero. 
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perfect symmetry, in the ordinary sense of the word, must necessarily exist. 


the supports, the modulus of dissymmetry | gives orientation, in 

order to produce the greatest possible : maximum. atio ‘ 
4 will readily show that, for a particular load, Mris greatest when Bs and Ps are 

additive. ‘This | é is negative. _ Likewise e the greatest possible 
maximum occurs: at the left support when is positive. The sign of é re- 
a verses when the load reverses on the span, although the: sign of \ does not change. ‘ 


ti is s true might place the concentration nearest the 


entation is surely 
= The si sign is an infallible for the proper orientation. 
The value of é* is ordinarily s small for loads which all act in the same direc- 
iy 0: against the beam. * In cases of bastard couples (parallel unequal forces in 
_ opposite directions), however, where the center of gravity falls considerably 


= 


outside the loading a, the value of a may become quite large and of de- 


_ termining importance it in the magnitude of the e bending moment. Ris 


8. Maximum Positive BENDING Moment IN Span, 


at A Given CoNncENTRATION 


i, Eqs. 27 give the bending moments at the restrained supports and Eqs. 29 


give the proper positions o of the load to produce maximums. It is ; also often 


- desirable to locate the load properly, so that it will pr oduce a maximum me, 


is interested only i in the moment under a 4 concentration, since maximum Dend- 
ing moment occurs at a point of zero shear and shear may only change, in a 


straight beam, at a load concentration. 
In Fig. 7(a), a span of length L is loaded with three fixed spacing concentra- 


tions center of gravity | lies at a distance from the 
oa the. combination load in the 
Proper position for. or maximum 
bending moment under the co ne 
Fig. 7(b), with the ‘moment 
under indicated as W a 
— k) + — a ‘constant. 
This represents the simple beam 
left reaction, times the distance 


to We, minus the constant, which 
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W:. The separate com — 
ths two restraining couples at the ends, represented 
7(c) 7(d) by the two triangles, whose vertical legs are labeled Mz 
each of th training couples 


vosDs 
under is marked on the respective as k - 
case of the diagram for and as Mr (k + ae) for Mr. 
“tin The net bending moment under W, will now be the sum of the vee hesieaiin: 
ordinates, marked on the three > bending moment diagrams. — Itis given by the 
—k) (k+ )— a constant 


‘These are the bending moments and (2) ) the value of k. Taking 
first derivative of M we W ith respect to k, equate this expression to zero, and 
solve for k, thus s locating the position of the hen for maximum m bending moment 


Eq. 31 may set equal to zero proper are made for the 
various quantities (which have been only indicated in this paper). _ Thus the 
values of Mr and Mz are the right- hand sides of Eqs. 25a and 258, respectively. .. 
The values of dMp/dk and of dM,/dk are determined by taking the derivatives __ 
of Eqs. 25, and these values are substituted in Eq 31. The process | is not 
difficult but the algebra i is tedious. It w ‘ill not be given herein, but the result 


The following substitutions can be made for combinations 


to the load hich a maximum bending moment is to 
be sought. This is a2 in the case under discussion. When Eq. is equated 
to ) ZeTO, with the indicated it reduces to: 
a e.. hen the values 0 of Cr and C,, each become zero, , reducing: the case to a 
ct ‘simple beam, Eq. 35 reduces to the ordinary criterion for r placing a load on a 
= beam for maximum bending moment under a given concentration. eran 


_ Because of limitations of space no example of the use of Eq. 35 is offered;. 


but its solution i is not difficult ifa table of ‘squares | and cubes is used i in con- | eas. ‘ 
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In such cases the criterion for "simple beams: may be used 
the load placing, with satisfactory accuracy. 
‘Been 
a a Even i in cases where there is a decided difference in the restraints at the 
a > » two ends of the beam, the simple beam criterion is useful for a preliminary 
» estimate of load position. = it is remembered t that the e criterion of Eq. 35 
always place the load 
a the » simple beam criterion, and if such a shift i is made arbitrarily according to 


~ acquired judgment, it is possible in most cases to. avoid the use of the more 
complicated criterion of Eq. 35. 
a The criterion of Eq. 35 gives the position of the load for maximum bending 
moment un under a particular lo load, where this moment is due to ' to the moving load 
“hs only, and is not a combination with any dead load that may exist on the span. 
Ibis easily possible to extend the foregoing gear grins to the case of the absolute 


~~ After the load is placed, it is desirable to find the actual bending moment 


supports, and then determining the bending moments from ‘these, 
; using the laws ofequilibrium. 


My BenpiInc Moments at Supports oF 


Dus TO A PURE PLE 


ee 27, for the. restraining bending moments atthe satiate of a loaded 
- r span, do not apply i in the case of a pure couple. - The center of gravity of a 
_ ‘pure couple lies at an infinite distance to one side of th the e center point I between 
_ — the forces that comprise the couple. Asa result the moment of inertia and the 
modulus of the load about its own center of gravity become 
meaningless. . The span distribution ratio and the dissymmetry span ratio also 
lose their meaning. Since these values may not be computed they cannot be 
ore substituted in the equations and these are therefore rendered valueless for 

- computing the restraining moments, resulting from a couple on the span. __ 
be _ Eqs. 14, however, may be modified in such a manner as to be valid for a 
vas couple. Fig. 8 shows a clockwise couple, composed of two equal forces WV, 
acting in opposite directions against a span of 


fae ae L, and spaced at a distance 2 bL apart. 

; ot The center point between forces is placed at a 
distance k L from the left support. The load 
nearest to a support, W, is ata distance (k — b) 

value — b) may 

now bes substituted for k in Eq. ‘14a, resulting equation will give the bend- 
aah ing effect of the left-hand load in terms of the location of the center ‘point 


k +b next be substituted i in the same equa- 
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nection with a cut-and-try method solution. It is sufficient to state that tion 

ve em: , _ Kq. 35 gives results very little different from those of the ordinary criterion for right 
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‘ion w with a second equation resulting which | gives es the independent effect of the | ; 
‘right- -hand load, in inducing bending moment at the left support. _ 
_ If the first equation is now subtracted from the second (since the effect es - 
the left-hand load is opposite to that of the right-hand load), the resulting 
equation will give the net effect of the couple in inducing bending moment a 
wi When these steps are re taken, remembering t that the value T of th the couple is 


“two supports of any restrained beam loaded w with a | a couple placed a at any point 
inthe span. — A negative sign of the bending moment here means the same thing 

it has meant in all the other equations for restraining moment—that the radius _ 
_ of curvature of the beam as bent at-the support extends from the beam in the — 
same direction as that force of the couple, which is considered positive, presses 

- against the beam. The couple T is considered positive when it is clockwise 

from the viewpoint of the observer. Otherwise it is negative. 


_ Asa practical matter, a couple must always: be > applied to the beam with a 


ite distance between the forces which make it up. Actually the distance 


may be so small with respect to the length of the span to which the couple is _ 

i applied that its effect i is negligible, and so the couple i is assumed applied at a 
point. In such a case the designer is tacitly assuming that the force Wis 
“infinite and that the value of bis zero, but that the epg of ncety and zero f, 


manner, r, b becomes 2 and the term on the right side ‘drops out. 


give the wetreining at the s supports. "When the couple r moves ‘up to. 
the restrained support it is necessary to distinguish carefully between the re- 7 
‘straining moment at the support and the bending moment out in the beam aa 
at the couple, a differential distance from the support. — _ They are not the same. _ 
Eqs. 36 May now be differentiated with respect ta to k, equated to ) 2eTO, and 
criterions so developed for. placing the > couple i in proper position f for m maximum = 
bending manent at support; thus, for maximum Mr— if 


> 


a 


ai, Eqs. 37 and 38 give the proper ‘eatthia et the couple i in order to produce a ne 
truly mathematical maximum bending moment at the support. 36, 
are formulas of influence lines for the moments at the supports. 
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The mathematical maximums to which Eqs. 37 onlt 1 38 refer are at the points 
of zero slope of these curves. It is important to remember that these mathe- 
- matical maximums are not always greatest bending moments. YY Greater bending 
moments than the mathematical maximums sometimes occur when the couple 
is placed at the supports. This happens in the case of a beam with fixed ends. | 
“4 The positions of a couple, in order to produce zero bending moment at the 
7 ‘support, may also be found readily by equating Eqs. 36 to zero, and solving for 
ke Iti is of interest ‘to note t that a couple occupies the same position in the span 
: in order to produce ze zero bending : moment at a support a: as would be occupied by 
a single | concentrated load in order to produce maximum bending moment at 
thes same support. ~ Such positions accordingly 1 may be read directly from Fig. 6. 
40 iti is also possible to develop equations for the bending moment out in the 
span, at distances from the forces that make up From 
Space 


de not permit their inchusion herein. 


Equations: have been developed for computing th the ‘bending moments s due 
‘to loads placed on beams with restrained ends. Criteria have also been de- 

rived which place the loads properly to ‘produce various kinds | of sation: 

bending moments. - ‘The use of all of these 1 requires a knowledge of the value 

of the transmission coefficients of the loaded span. If the effects of the loads § 

are to be distributed to any frame, of which the loaded beam is a part, the 

designer must also know the transmission coefficients of the nd beams 

which make it imperative to know the value of torque splits at the 

joints. All these se terms—transmission coefficient, moment split, restraint 

and split—are included under the covering term, ‘frame characteristics.” 


ims a The torque split is related very closely to the moment split, the only differ- 
| being the number of members t affect its value. The torque- “split 


- frame (artificially, as by a crank) must be multiplied in order to obtain the 
induced bending moment in that particular resisting member. - _ The moment 
- split does the same thing. _ The difference between the two lies in the fact that, ; 
in the case of the moment split, one of the radiating members of the joint is 
a used as a vehicle for applying the torque, which is its own bending moment. © " 
- (7 member that applies torque, since it actuates the joint, cannot : also. 
participate. as a resisting member. In the case of torque applied artifically 
oo to the joint, all the members act as resisting members. _ Thus, in the case of the 


7 . moment split, all the members except one act as resisting or receiving members, 


and i in the. case of split all the members act as receiving iy 
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Therefore: 


Rp in bending for member 1 of a four-member 
joint, and Rr for the restraint index in torsion for the joint, from analogy w w ith ith 


‘Eq. 9 for moment split, for. torque split i is: 


ae, when member lis is the transmitting member, its re restraint index i ies. 


‘ ots value for the same member may be found simply by dividing the stiffness 


result. 


- index by the restraint index, adding 1 mentally, a1 and taking the reciprocal of the q 


Mk ‘Iti is possible, of course, to compute frame characteristics for a small frame 5 


by. using Eq. 5 ) directly for ‘coefficients, . Eq. 9 for moment splits, and Eq. 41 for - 


torque splits. ‘Such a procedure lacks order, and is conducive to errors. It has _ 
been found more satisfactory to use a tabular form of computation. : In this i os <a. 
form the equations are used, but they are used by rule, and more or less 


__ Table 1 with its accompanying sketch will be used to illustrate this method sa 


of computation. _ It is designed with a view to keeping the computations i in 
order, having them i in such form | that errors are reduced to a minimum, and > 


members of the successive joint in Col. 1, exeeyt joints at 
Ww “which the frame terminates at a fixed support, such as point Bo, or at a free o 
“support, , such as point Ai. Iti is not necessary but is desirable to enter the 
members in the same order for all joints. _ Usually the member radiating down- 
ward i is entered first, followed by successive members, clockwise around the 
joint in order. ‘The letters that represent each member should read a away from 


the joint, thus: C10 denotes the column C, Co; 1CB denotes the member C; Bi; a. 


1CD denotes the member C; D,—all ‘originating at joint Since in 


table, once under each of its two connecting joints. 

fins 2 Enter the Q-values for each member in Col. 2. They” appear at the — 

_ centers 0 of members i in the diagram of Table 1. ‘These Q-values, as previously 
defined, | are the ratios of the span length divided by the moment of inertia. _ 

F For some purposes (such : as the determination of angular rotations at the joint, 2 I - 


_ these ratios should be computed with length and moment of inertia of the sec- 
tion j in the same For of computing. characteristics, 


_ general each member connects with two joints, each will appear twice in the By 
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ever, they need not be in the same units. “i all lengths are in feet and 


—— of inertia are in inches, the computed charac teristics will be the same 
as if all were in the same units. _ The essential tial requirement i is that all members - 
3. At th the right side of each Q-value entered in Col. 2, 7 Table 1, place the 
appropriate quantity (2 —C)in so far as the C-values are known. The trans. 
‘Inission coefficient to be used for a ‘particular member is that value of C which 


fe transmits s moment away f from 1 the joint in — with which the member 


OF Frame CHARAcTERISTICS 
4, 


: vit 
Oa n 


- 


Member tne 


~ 


4 


MomeEnt Spurr 


| 


> 


Value Member 


0.392 0.387 ‘| 0.465 
0.346 (AB) | 0.535 
0.212 0.310 0.613 | (CB) 


0.146 | 0. 403° (01) | 0.391 | 0.389 
0.1785 | 0.329 0.502 | (BC) | 0.611 
0.1775 | 0.330 0.498 | 0.609 | (DC) 

0.1669 


C (01) 0. 305. 0.321 

0.240 DO1 

0.1955 | 


0.1665 
0.1763 


1|0.198(2—0) 
0.172 (2 —0. 329) 


0.304 (2 — 0. 5) m 
0.172 (2 — 0.310) 
0.172 (2 — 0.294) 


0.172 (2 — a 330) 


| 0.579 | (CD) | 0.679 
0.198 (2 —0) 


Cle | 0.421 | 0.605 | | 


appears. In the case of the frame i in Table 1 the coefficients | of connecting : 
_ members toward joints Ai, Bo, Co, Da: and E; are all known since these joints 
- are either f free or fixed. These known ‘coefficients will be sufficient to solve the . 

. - entire frame in this case. When sufficient coefficients are not so known, it is 


‘ecessary: to estimate some of them, as will be demonstrated ‘subsequently. 


jc 4. Compute the i-values for all ‘members 3 whose C- -values away from the 


ee joint are known. In Table 1, , this may be done at once for members B10 and 


‘ieee IBA for joint Bi; member C10 for joint Ci; ‘and members D10 and 1DE for 


Rosth «2B. At some of the joints all i-values except one should be known. | For the 


in Table this i is true of joints Bi and for that 
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depends all the i-values except its own. 


nation of ‘Eq. 4 in Section 2. Eq. 40 may be be written into an 


~The order i in which the -values appear in Eq. 42is immaterial. convenient 


oy to use the lowest value in the numerator and the successiv vely higher values i in 


i. order. For three-member joints, such as the present example, the parentheses L 
in the denominator of Eq. 42 drop out. Using joint B, as an example, the 
+ -values for members B10 and 1BA are known. _ Under the number 0.396 on 
_ the slide rule the divisor 0.456 is set. To the quotient 0.869, unity is added b 
mentally, and the divisor 1.869 is set under 0.396 to give the re: restraint 
0.212 as entered in Col. 4, Table 1, for member 1BC. 
6. For all members, except those at a two-member joint, the . R-value i is 
checked at once by computing the moment-split values f for its member. In 
this case the R-value 0.212 is divided by the i-value of member B10 to give the 


yield the moment split for member 1BA as 0.535. These moment splits are x 
= member 1CB, when it transmits moment toward the ca as indicated i in 


2 moment-split value for this member as 0.465. It is next divided by 0. 396 to 


away from joint By. The derivation of Eq. 5 will show that the transmission 
coefficient that re results from this value of F is then toward the joint. 

scripts for C are re accordingly reversed in entering ‘them in Col. 6. * The ‘coeffi- 
cient value 0.310 is | computed by dividing the R-value 0.212 2 by the Q- value of 
es member, 0.172, adding 2 mentally, and taking the reciprocal of the result. 


"place under joint Ci. From this the i-value for the member ICB 3 may be 

_ computed. All the i-values at this joint are now known, except for member 

i 10D. ‘* _Its R-value of 0.1775 may then be computed, and from it the moment Ei 
“splits, 


for the n member, and the value of Cine just as was done in step 7. . The = 
_hew coefficient is substituted under joint D, and the operations repeated until o 


all coefficients and moment s; splits 01 ore obtained. 


Torque splits may now be by Eq. ¢ 41, if the effects of sidesway 


— 


cand R- ‘R-values i in line. 
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f 0.268 in Col. 10, Table 1, is found by 
d not be needed. The to 0.1665, adding unity mentally, 
ratio (on the slide Tu e) om. torque splits for the joint must 
the lits, which is a check on computations. - 
_just as the moment splits, lealing with the i 
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7 
a 11. THE Estimation OF THE VALUES OF 


7 it frequently occurs that not enough coefficients are known in advance of 
computing the frame characteristics to. permit the analyst to begin a tabular 

a computation. ~ Also it may be 1 necessary occasionally to investigate the ade- 

“+ ae of a particular beam of a frame, without computing the characteristics 
of the entire frame. | 7 ‘In such cases it is highly desirable to be able to make an 

accurate estimate of the value of the coefficients for a particular beam. This” 
can be done readily with an accuracy which is ordinarily within 1%; and in any 
case the error is never great enough to affect the value of the coefficient beyond 

the third place to the right of the decimal point. 
7 Eq. 5, for the value of the coefficient, may be expanded into the heaieleeal 


a 


(2. - C2) Ws (2—Cs) Qs (2 2— Cs) 

Thee expressions for the i-values of the restraining members all contain the 
‘quantity +c. Iti is true that these C-values a are all different. It is readily 
conceivable, however, that t there is some kind of a: an equivalent C which, if 
- inserted ‘uniformly into the three parentheses in the denominator of Eq. 43a, 
would give the same result for the coefficient being computed by the meetin 


as if the exact aes for each — shad been used - W ith this concept in 


a ae Either part of Eq. 43b may be used for | computation. The right-hand part | 
been arranged fo: for, use with the slide tule, as was done for 


Eq. 42 , Step 5, Section 10. 


it be required to estimate 
value of the coefficient toward 

_ the right, of ‘member AB, of the 

beam shown in Fig. 9. Q- 

my alues of the beam itself, and of 


the restraining beams o on the sright, 
ving are shown by 1 the numbers, 1, 1, Dy 


x 


ys “tt 


om joint B, 


pines should be kept i in mind: 
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into a limber member will have a low 


2 _ Many members, acting as a sili tend to raise the coefficient ; a 


_ A member, restrained by a single ‘member stiffness, has 


“coefficient of approximately 0.29; and 


4. The maximum value of the coefficient is 0.5 and the minimum value 
UU. 


By inspection 1 note that restraining member 2 ‘connects. into) members, at 


end aw ay from joint B, two of which are stiffer ‘than, and on one as stiff as, 
itself. One may judge its coefficient ‘away from joint B to be approximately 
0.4. Likewise, the coefficient for member 3 is perhaps about the s same, ‘and ~ 
for member 1 about 0.3. _ Estimating that C, is 0. 35 and anette it in n Eq. 43b, 


~* order to obtain a close approximation of Cag: 


This estimate will be accurate within. the third decimal place. It can be seen 
» readily that a considerable error may be made in C, without great effect on Cam 7 
Thus, if the analy st had assumed C, to be 0.4 instead of 0.35, the value of Caz 2 
w ould be 0. 366, and, if he had assumed 0.3 instead of 0. 35, Can would be 0.359. 
Such estimated coefficients may | be used with entire confidence i in computing 
aa characteristics. — The exact value of the coefficient will be obtained, in 
the course of the computation, , and finally may be used instead of the estimated 
v alue. No further correction need be made for errors in estimation, however, 
unless the exact value should differ from the estimated value beyond the third — 
decimal place. In the writer’ experience | this does not occur. = 
‘These estimated coefficients are sufficiently accurate to be used in connec- 
with the equations for restraining moment, in order to make checks 


— Itis obvious from the frame characteristics of Table 1 that bending moment — 


may | be distributed to the frame ata single operation. — Before this is done, i itis — 


Recessary to. define the sense of = moment in such manner as to 


follow ing reason: in ‘mechanics of materials, bending is 

- defined d as positive for horizontal beams w when the beam i is concave upwa ard fend 
: negative when the beam i is concave e dow: nw ward. rd. These bending moments are 
Rt defined as positi 
left of a section i is clockwise about the section and negative if ‘counterelockwi ise, e By 


tions being r reversed when forces on the right : are considered. 
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“radiate j in all directions, as s they do in a : frame, these definitions hethens-< con- 


fusing. Even though a proper distinction of sense of bending moment is’ 
“developed for the frame in terms of plus signs and minus signs, such a distine- 
tion is likely to be confused with the old concept of plus and minus bending 


moment, which was so well learned i in elementary studies. 
on _ For these reasons bending moment is designated as “normal” ¢ or “reverse.” 


“Normal al bending moment” is defined as follows (see Fig. 10(b)): pris all 


ae LL. Bending moment is said to be normal at the end of a beam if, pra 


the beam is cut from its frame and considered as a free body, a clockwise 
a torque must be applied at the end to hold the beam in the raisin condition 


of stress to which it was subjected in the frame. = cies 28 
“Reverse bending moment” is defined as follows (see Fig. 10(a)): . 
II. Bending moment is said to be “reverse” at the end of a beam if, 


» tan the beam is cut from its frame and considered as a free body, a 
counterclockwise torque must be applied to the end in order to hold the 


beam in the same condition of stress to which it was subjected i in the frame. 


— 


4 


Both definitions are consistent without —" to the end of the beam to which 

| . the torque is applied. - Figs. 10(c) and Fig. 10(d) show bending moments of 


_ eaenite senses at the two ends of the two members. These senses of the 
_ bending moment may be defined equally well in terms of the joint | from which © 


the member radiates. Thus, for normal bending ‘moment (see Fig 10(e)): 
on ce 3 Bending moment is said to be normal in the end of a member when 
_ the member is so flexed at that end as to resist the effect of a clockwise 
an Bending moment is said t to be reverse wn in end of a member when 
was member is so flexed at that end as to resist the effect of a counter-— 


clockwise applied to the joint to which the member 
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‘DISTRIBUTION OF Bunvine Monae TO THE FRAME bit 4 
moment may be distributed to th the frame ata a on by 


1. Determine the sense of the at of the ot 
“origin according to definitions = 
oe ‘Multiply the bending moment at the end of the beam of origin in y the 
moment-s] split values for each of the receiving members, the member of origin 
- : being ¢ considered the ‘transmitting member, and so obtain the part of the bending 
moment induced in each. . Change the sense of the bending moment as it 
passes: through the joint at the | end of t the member of origin and enter each © 
portion of the moment for the proper receiving - member. 
a 3. Each of the bending moments, as obtained in rule 2 » is now multiplied by 
I 


hat transmission coefficient, of the member in which it c occurs, which transmits 
_ moment away from the joint, in order to obtain the induced bending moment at 
_ the e opposite end of the member. _ It is entered here without change in sense. — 


4 4, At each succeeding joint arrestee as in rule 2 and repeat rule 3 after the 4 


moment passes through the new joint. 


5. The distribution of the moment is s completed under the following g con- 


toa negligible portion | of its value : m at the origin; > 


ad (b) ‘When it arrives a fixed or free support; ‘and 
_(c) Ww hen, as in 1 most cases, it is ‘carried only two joints beyond the j joint 


origin. 


An n example will serve to illustrate the e application of rules 1 to 6 for the 

_ distribution o of bending moment, as well as to sum up the methods of fcomputing — 

bending moments in restrained beams. it be 

required to place two moving loads of the highway Center of Gravity — 

-H-10 type on the two spans 1BC and 1CD ing © wo ; 
Table 1 each in position for maximum bending / 
Moment: at joint Cy. ‘Let it then be required to 

compute the two maximum bending 

the simultaneous bending moments at the 7 
posite ends of the respective beams, and to dis- 
: tribute these four bending 1 moments to the frame. 


ites after the moment has passed through the last ‘ein, not as it arrives. — 4 


computation follows: U = 3 X 1. +12 X 2.8 376.3 + 94. l= 4; 
376.3 xX (- il. 2) + 94.1 (2. 4,214 +: 263 =— 8,951; (either 


8 = | = 
en) = 15 X 900 0.0348; = 0.187; and 15 27,000 ~ 


Fig. 6, using the coefficients fi from Table 1 (see also Fig. 12), the 
maximum is: In In span. 1BC, ke = 0. 580; and i in span 1DC, 
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“MOVING LOADS 


12 a2, Entering Fig. 5, ‘ile these value of 


0.323 
—0310 X 0.329 1 = 0.330 x 0.294 


0.329 = 0.366. 294 = 0.326 a 


Th he two loads have been shown, properly located with respect to the two_ 


B, and in the r respective spans 1BC and 1CD in Fig. 12. 
a gh Next, with Eqs. 27, compute the bending moments induced at the Tight” 


Mise = — 15 X 30 X 0.345 [0. 302 - — 0.0098 — 0.329 (0.323 23 +1 0.0098) ] 


, Mien = — 15 X 30 X 0.365 (0. 323 + 0. 0098 — 0.294 (0.302 — 0.0098) ]_ 


be — 40.5 ft- tons (due to placing for maximum moment) cae: 
15 30 X 0.326 [0.302 — 0. 0098 — 0.330 330 (0.3 323° +! 0. 1.0098) ] 


— 26.8 ft-tons. 
: 


icp 4.11 15.20 28.40 "7.681CD 1CB 7. 1D016.20 4.32 1CB 


264.8 Ft Tons 219.66 


a ad aah These bending moments may now be entered i in | Fig. 12, for distribution to to. 
frame. For this pu purpose it i is conventional to place bending moment. 
| the: right and reverse bending tee the left. Two columns will 
Le seen in Fig. 12 for each member end. For horizontal beams, under gravity ‘i 

_— the bending moment is alw ays reverse on the left of the loaded ‘span 
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945 MOVING LO: 
‘and normal on the right. The bending moments computed will be seen in- 
‘Fig. 12 according to this classification. 
‘The moment-split values” which are required for the purpose have been 
—_— from Table 1, and are shown adjacent to the joints of the loaded beams, | 
with arrows indicating the direction of moment flow. 
ee an example, consider the moment 28. 4 ft- -tons, at ‘the ‘left end of 
‘span 1BC . First multiply it by the moment-s split value 0.465 to obtain 13.20 ) 
|: tons as the moment at B10. This: is entered as normal moment since it 
has passed through a joint. © The same moment multiplied by 0.5 535 gives the 
value 15.20 in beam 1BA which is also entered as normal moment. _ ‘The 13.20 


_isnow multiplied by the « coefficient 0.5 of its member aw away from B,, to to give 6.60 


also normal at the support end Bo 
In a similar manner, 39. 9 is maltiglind by 0.609 and by 0.391 to give the - 


reverse moments it induces in members 1CD and C10. These are entered, 
| » the values obtained from the 40.5 ft-ton moment times its appropriate _ 
_ splits, and those from the 26.8 ft-ton moment. It should be particularly — 

that, in the beginning of its distribution, moment flows only outward from the — 


_ loaded span of origin, and does not cross that span. ee 
_ In placing the distributed moments, it will be seen that the point of origin 
beside is to ‘provide for 1 Te- 


er end, and noted by the sign as the ‘final 
moment at that point. For instance, the 20.72 ft-tons of reverse moment at 
member 1BC is equal to 28.4 — 7.68. The algebraic sum of all the total 


moments at any joint must add to zero. . At joint B,; the sum of the two normal 
moments 9.63 and il. 09 is equal to the reverse moment in member 1BC of 


Ras 72. This i is a check on the net bending moments as indicated by the sum- — 


The method outlined is entirely satisfactory for small frames. When large 
frames, involving many members and joints, are to be solved, a much more c, 
: ¢ omprehensive method i is used. This method inv olves a moment- distribution 
chart for ea ch joint. Its bookkeeping arrangement is so . designed that there _ 
a minimum chance of error. One distribution also is sufficient for all pur-— 
Po ses, including live-load and dead-load moment distribution, w wind moments 
and s sidesway, as well as s loading for maximum moment at every point in the id 
frame. = is too lengthy to include i in the e present. paper. 6 


CoorpinaTion WITH THE 


The method of solving rigid frames by successive 2 approximations, as pro- 


pore by Hardy Cross,? M. Am. Soc. C. E., starts, as does the slope deflection - 

method, with fixed-end moments for loaded members. Asa result there can 
be little coordination of the methods of computing moments i in loaded members. 
The Cross method of distributing moments to a frame can be shown to be a 


“Analysis of Continuous Distributing Fized- End Moments,” by Hardy Cross, Transac- 
tis, A Am. Soc. Cc. E., Vol. 96 (1932), p.- 1. 
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MOVING LOADS 


‘= that particular joint; the outer r ends ¢ of connecting members being « considered “J 
8s fixed, or in case they connect into a . pinned support, as freely supported. 
: ae This ‘partial distribution i is made s successively, a single joint at a time, until | 


error diminishes to a negligible : amount. 
7 7 ne The Cross method then involves a torque split for a joint, whose members 


‘connect into either fixed or free supports at their outer ends, and transmission — 

coefficients toward fixed ends or free ends, which were previously pointed out 7 

we to be either 0.5 or 0. It will be remembered that, in the Cross method, the 


; iia of PI/L is termed | K, which i is the a of the Q-value used in this 


rere “ The expression for the torque split, Eq. 39, Section 10, may be expanded 


Assume that members 1, 2, and 3 connect to fixed or locked | joints at 

their outer ends and ‘that member 4 connects toa ‘pinned | or free support, 

§ transmission coefficients or carry- -over factors for the first three members — 


we will be 0.5 and for the fourth 0.0. Inserting these values in Eq. 44a and 


44a an 


appropriate values of K for the reciprocals of Q a i 

E will be as the well- known Cross expression for what has 

q 


“be 


aa and the fourth freely supported. a 
ty 15. OTHER OF THE 


outlined in this paper, represent only a very limited winsbiee of the purposes — 
ie _ to which it has been adapted. — It may be of interest to list some of its other 
applications. 3,4 It has been adapted to the placing. of moving loads for greatest 


Solution of Statically Indeterminate Structures,” ‘by R. C. Brumfield, 1933 (printed in mimeo- 


4*Restrained Beams and Rigid Frames,”’ by R. C. Brumfield, (revision and expansion of ‘‘The 
Solution Indeterminate Structures’; printed in mimeograph form by Cooper Union, New 
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MOVING 


shear 


- shear both at the support -_ in the span, just as was done for maximum 
bending moment. — An equation for elastic deformation has been developed | 
from its use, which is perfectly general and applies to the entire beam, irr _ 
spective of the intervention of concentrated loads and supports. This equation ° 
has certain important ‘uses. The transmission coefficient has been developed 
‘straight beams of variable section, with restrained er ends. such beams 
its values theoretically may become infinite, but. actually do not ordinarily 
- exceed unity. It has been applied to curved beams, in which the coefficient x 
z often negative. Curved beams, in fact, are reduced to the same status as + 
straight beams, the formulas for the former reducing to those of the latter when al 
curvature disappears. Moment splits, torque splits, and 1 the effects of a move- 
ment of the supports may be computed for curved beams. ‘The concept enables 
_ the beam which is @ member of of a noncoplanar frame to be solved by the 
formulas | outlined herein. © _ The number of factors that affect coefficients of 
- such a beam is greater than that for coplanar beams; but, once the coefficients — 
- are computed, a beam i ina noncoplanar frame may be loaded in quite the same 
manner as outlined for » a coplanar straight beam, and moments computed by 


_ The methods outlined, as well as most of those indicated, have been 
tested i in 1 professional engineering practice, in and the City 
New York, Y. In this process a great many valuable suggestions have. 


been tee which acknowledgment ismade. 


of” 


The writer also wishes to express his thanks to Lawrence Perez, Assoe. M. 
Am. Soc. C. E., for carefully reading this paper. 
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4 


rr given 1 to the ‘mherent problems of ‘construction and design. One of the 


| o most important of these problems is that of horizontal curvature and the 


attendant superelev ation. A rational solution of this problem i is the adaptation 

of a transition spiral, whose curvature varies inversely as the are leng th. 


From considerations of speed, safety, comfort it is found that two cases 


nal The second case desirable on 


“grounds of relative pre of f calculations, formulas, and field w vork. The 


uestion t then naturally arises: “Wl hen, under ¢ certain given | limiting conditions, 
an & curve | be ‘transitional | throughout?” An « answ er to. ‘this s question (and 


ay er — and field problems related to the er necessitates an | exami- 


The 
to ‘failure to be concise. | Th 


= 


e cur and its” properties obviating these 
for examining questions, such a 
going, is eminently desirable. "i Such an attempt is offered in this paper. 


seems safe to predict that the road engineers postwar will 


‘Sai to give ever-increasing attention to the problems connected with the 
re. 


a 
Nots.—Written comments are invited for immediate publication; to insure publication the 


Asst. Prof., Civ. Eng., College of Applied Science, Syracuse Univ., Syracuse, 
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treatments seem to suffer s »failureto | 
consider comfort and safety, between — 
f 
al A 
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development of The aim will be to construct a roadway 


TRANSITION SPIRAL 


a capable of carrying high- -speed traffic, designed for maximum safety and 


comfort 1 to drivers. «Of the many problems involved, that of horizontal 


Wes 
od 2 curvature, accompanied with pre proper ‘superelevation, is one of the most i impor- 


tant, and if it is essentially with this feature of the future road that this paper 
‘is. concerned. In particular, the writers would like to offer a simple and definite 
‘the question: “When can a curve | be transitional throughout?” 
Considerable ‘theoretical ‘research, table construction, and discussion have 
already taken place, » asa complete b bibliography | of the subject would testify; 
but, because of the scattered nature of these references, ‘the complete theory of 
sement curves is not readily available. to the average road engineer. 
woul uld seem desirable, , therefore, to have a clear, concise, and easily accessible — 
"account of the mathematical ‘theory of | the ‘ideal pamemerym curve, since it | 
_ only through a sound grasp of the mathematical properties of this curve | that 
‘the dependent ee field work of laying out easement curves can be con- 
intelligently. tative bibliography is included as an Appendix. 
2. Tue TRANSITION SPIRAL 


aa. “The forces acting on a vehicle and its passengers are altered when the 
vehicle passes from a ‘straight to a curved path. 1 The value of the centrifugal 


P acting on a body of weight: W, traveling ata speed and rounding 


in which gis the due to gravity. If the path of the vehicle changes 
2 ba immediately from : a straight line to a circle of radius % _ the force P will be 
applied instantaneously, and the vehicle and p: passengers will be subjected to 
ee proportionate shock. | _ However, if the radius of curvature of the path is 
gradually reduced from infinity to its minimum value, the centrifugal force P 
_ will be increased gradually and little Shock | will be experienced by the vabicle 
and its passengers. . Any curve ‘that ‘provides this transition is called an 
“easement curve. °-k Glover (9)? and W. H. Shortt (27) have argued that 
the rational way to achieve this transition is to make the rate of gain of the | 
“centrifugal ratio,” P/W, constant throughout the curve. AM This is equivalent — 


“to the demand that the driver sharpen his curve by turning his —— wheel S 


a Pn * the distance, s 8, of that point from the beginning « of the cu curve. ». Such ai an 
easement curve may be termed a ‘ “transition ‘spiral.’ For @ fixed speed, 
superelevation slope is proportional to curvature ai and hence, for the transition 
to s. It follows, therefore, that this curve is also ideal for the: 
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{TRANSITION SPIRAL 


Many other forms of. curves been ond und, such 
as empirical or b bastard transitions (possessing li little to recommend them), the 
quadratic parabola (advocated by E. L. Leeming (16)), the cubic parabola 
(used extensively for short transitions in railroad work), the lemniscate (devel- 
oped and used by F. .G. G. Royal- -Dawson (22) in England), the multi- “compound 
‘spirals (such a as the one evolved by W. ‘H. Searles (25), and the ten-chord 
spiral (13) adopted by » the American Railway Engineering Association (which © 
“is essentially : a transition spiral laid out in ten equal chord lengths). . All these’ 
“curves are modifications or approximations of the 1e theoretically ideal transition © 
‘spiral. It is not proposed here to enter into the arguments favoring any one 
“easement curve over the others, but to develop the mathematics of the transi- 
_ tion spiral and then, in the interests of economy in calculation and field work, 

- to ex: examine briefly some approximate formulas derived from the exact 0 ones. 


In Fig. 4 “let O be the beginning of the ae « on the initial tangent 
a-axis. Then, if s is the arc length of the spiral 
“from 0 ‘to any point P on the curve, r is the radius” a 
a of curvature at point P and ¢ is the angle that the 
tangent at point P makes with the z-axis, by the = 


in which & is a constant of proportionality; but, since curvature is the arc 


rate of change of = k s; whence, at the end of the 


OR and S being: the: final radius of curvature and d length of the spiral, respectively. 


4. "PARAMETRIC CARTESIAN REPRESENTATION 


ds, dy be « differential changes i in 8, 2, y, Y; 


dy = = ds sing = 


= an 
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wae be the polar deflection angle of point P with respect to oO o O as origin: 


| 
d the tangent to the. curve at O as ax Ss. ‘Then, by Eqs. 


>, 


“> 


one may now r compute the following values, expressing 


Such a table is given J. Barne M. Am. C. E. (2), and i is valuable 
for quickly obtaining the corrections C C which must be added to one third of 
any given ¢ in order to obtain the corresponding a. . Use of this table will be 


i made in section 9, where is developed the ‘program for finding ‘the control 
data of a required spiral. 


ata Of a 

CHorp - LENGTH 
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In 
— 7 , in minutes, corre- — +” 
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Substituting from. from Eqs. 


in sha 


Eq. 1061 isin the 


‘ 
c= 
A 


rs 
or, Eq. tie the binomial theorem, 


=) 


+55 


— 
v(t) (- 


= Ww vhich >, of co course, ‘is ‘giv en in radians. ‘Tf @ is to be given en in degrees: 


‘Setting 


one may u use Eq. 12b or Eq. 13 for useful table (or a a graph, a: 
has been done by H. J. Collins and C. A. Hart, Assoc. Members, Am. Soc. 
=: (5)) giving the values of p p corresponding to values of 


4. SAFETY ComrorT Drivine THE SPIRAL 
(A) The centrifugal = r 
following reason: Let be the angle of superelevation and 
friction for the tires on the road. ‘Then, from mechanics, 
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in 1 which e= tang and f= tan y. Fe For practical r reasons the e superelevation 
slope e must be limited, ‘and f (which is the coefficient of friction for transverse 
sliding of: tires on the Toadway) seems to depend on the speed. a According to 


_ present American practice e seldom exceeds about 0.10, and, from a number 


a “The maximum centrifugal ratio for railways is normally taken as 1/8, 
m7 i but owing to the lower centre of gravity of motor vehicles, it may be safely 
increased to 1/4 for road work. This value is quite arbitrary and the 
; anh 1s _ factor of safety’ will depend on a great number of considerations such as 
. — degree of superelevation, adhesion between road and tyres , bumpiness of 
q 
. 


Hea (B) The rate of change | of radial acceleration | must have an upper limit * 
Let ¢ be the time required to travel length S of spiral. 
This average r rate varies for different drivers and many tests are needed to 


determine the maximum average rate. considerations of comfort, Mr. 
3 ae Shortt (27) has fixed y at 1 — bu t more recent experiments by R.A. Moyer, 
Assoc. M. Am. (19), indicate that is safe ant and 


(A) (B) yield t the formulas, 


viral for the point where ratio is. 


reached. 


E 

Let A be the intersection angle of the highway curve. Fora given velocity 
V and selected values of p and ¥, Eq. 16c indicates that @ cannot exceed 
Hence, i in ‘designing : a curve for a given speed V and selected values 

of p and y, two. eases need to be -considered— —that for which 0.5 A and 
that for \ = 0. 5 A Ih first case the curve must contain ac 
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pe 
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— 
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TRA NSITION 


velocity of 100 miles per 


= 0. 25, and Eq. 16¢ yields = 4364 radian, or about 25°. 
50°, the curve, under "conditions, will ‘be transitional 
“throughout; otherwi ise a ‘conteal circular are will be needed.  * 
Case l. <0. 5 A (Central Circular “Are Required). —In Fig. 2(a), angle 


= 90° — 0.54 and id angle MNA = 90°+ 0.5A — Also, 
n(® — sin (90° + 0. — 


‘MA == sind sin(90°—0.5A) 


pit 


ua > 


+ PN PN” c sin Re tan 05 50... 


_ Case = 5 A (Transitional Throughout). —In F 
90° + 0.5 a. Therefore, 
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is desirable to the curve for a for w hich p, 
and A are given. After computing by 16c, such data may be found, 
for the two cases, in six steps, as follows: 


Compute R by Eq. 16a 
Compute S by Eq. 8,4 

1660 


Find @ by y referring to 
‘Find by referring to 


Compute K by Eqs. 4, 16a, and 
Compute S by Eq. 


Compute R by Eq. 4 or 160 


In Section 5, find a 2 corresponding 


Compute @ = 6=A-2 ind by referring to Section 6 


6 Compute T "by Eq. 18 Compute Tby Eq.2la 
a It must ~~ be thought that there is -only the one transition spiral suitable 
for a given velocity V and intersection angle A. On the contrary, because of 
= freedom of choice i in selecting the limits ?p and dy, there : are any number of 
-_ permissible ‘spirals. 7 For example, in case 1, it is not 1 necessary for the vehicle 
actually t to 0 achieve | the e maximum centrifugal ra ratio. _ By Teducing p, the radius: 
and the central angle of the central circular, section are increased, and the 
lengths of the > bounding spirals are reduced. In both cases can be reduced, 
thus increasing , the total length | S. Asa a ‘matter of fact, in the three formulas, 
Eqs. 1 16 , there are six variables, &, p, y, V, R, and Ss. ” This means that any 4 
& of them may be chosen arbitrarily te ‘thin practical limits) and the other 
three thereby determined. In forming tables of curve data it may be con- 
sidered convenient to fix » Say, and For a given V and an accom- 
variety of suitable values of and R the designer would thus be able ic 


to give data fora number of allow- 5 
able spirals for each degree of A. 7 to 

This has been done, for example, =r 

_byM Mr. Barnett (2a). 

10. Two Userun RELATIONS 

Let O Gig. 3) be the origin 

wk P any point of the spiral, a 


osculating circle for P. Let the 
perpendicular FA | from F to the 
i tangent line OA cut the circle at 


point E and the spiral at point 
Denote length AE by o and length 


Let D be the: base 


y and let F be the center of the 2 
m 
la 
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APPROXIMA TE Goop For oF oF Sm ALL DEFLECTION 


oe Phere are a number of approximate relations that apply for small vi alues 


of d, and, within their r ranges of negligible er error, are extremely useful for both ™ 

computation and field work. In this section, a few of these relations are — 


cary 7 


dev eloped. Nine bane approximations are presented, s as follows: 
va: For @ < o, offsets from the initial tangent vary approximately a as the 
ent; 


2. 2. Angle ais to one third of that $ 


Angle q@ varies approximately as the square of 8; 


| ae: For @ < 10°, the tangent distance 7 varies spiced as 0.5 2, and 2 
therefore ~ 0522058; 


5. For @ < 10°, the “tangential AC, Fig. 3, is equal approximately 
6. When an upper limit pis is developed, o zs , which i is a constant; 


7. The tangent distance T is equal approximately to 0.5 8 + tan 
a ‘The external r radial distance E, from the point of ‘eeitieneniens of two 
tangente to the curve, is approximately equal to + sec0.5A — R; 


Offset distances 1, Fig. from the tangent to the spiral ar are e approxi- 


0050; 


lating circles, at equal asian trons the opposite ends of a spiral. 


Approximation 1.—For 6°, offsets from the 


proximately as the ubes of the distances along the tangent. 
K anda ~ K¢ | 


4a (23 
Ke 


Thus, for small deflection angles, the ransition ral is ait by a 
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TRANSITION SPIRAL 


‘cubic parabola. The parabola can be used successfully as an 
 eurve (6) for for deflections of about 8.5°, because all cubic parabolas r reach | = 
maximum curvature at ¢ = arc +2 8.5° ay 
_ Approximation 2.—Eq. 8, Section 5, indicates that when @ = 15° the error 
= is about 10” (see list of C- values i in Section 5). — . 


Approximation 3.—Angle a varies as the square of s because 


wore 


The formula for the lemniscate (see Fig. 


| 


_ L& which m is the value of c at the midipoint of the Sioa. tt this curve the angle 


Es equals exactly =. A special study of the lemniscate was made by Mr. 
It can be shown that for the lemniscate ef, and not s 


ie relationship to any of the angles involved and “ahoee the curve does not 
2 itself readily to calculations concerning s and Te Moreover, it is nota 


simple matter to lay out a lemniscate from a point c on itself. Bi Ss nee 


Approximation 4. —For 10°, the tangent: distance ~ 0. 5220.58 as 


can be concluded from Eq. 22. 
Appreciation 10° the AC 05 because (see 


12K? 2,688 K* 


heat 4 and 5, it is clear that s and ao bisect each other 
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a Approximation 6- —When pis , developed, o wo GO (which i is a constant) 


f= OA + AB =Tt+ (R +c) tan 0. 5A 0.58 + (R + tan 0.5.4. .(28) 
_ Approximation 8.—In Fig 5, BH = =&, HF = and AE = wil 
dhe sec 0.5 A — 


to the tangent) ‘et be an offset from the osculating circle 


siral are Then 2-2, ‘because, 3, wie 8, whence 
i. Thus, the are rate of sts of the curvature for the spiral i is con- 


stant; the spiral departs from any osculating circle at the same arc rate’ 

as irom the initial tangent. Hence, if ¢ is small, 1-1 ~ 2-2. This property | aa 
is convenient when using: the method of deflection angles and the entire =. 


wae be set out from the origin, necessitating m¢ moving up along the. spiral ail ‘i 


‘There are three field methods establishing intermediate points on the 
‘spiral— the method of deflection angles, the method of tangential offsets, and 
the method of middle ordinates. Of these the first is the one most generally — 
used i in highway work and this section will be devoted to a brief examination 
of the method. _ For the remaining | two procedures the reader is referred to the -< 
Work of the late G. W. Pickels and C. C. Wiley, Members, Am. Soc. C.E. (21). 7 
__ The problem i is to lay out the spiral by polar deflection angles a and constant 
chord lengths. _ The constant chord length will be referred to as the “unit 
chord.” This unit chord must a approximate closely the corresponding 
length, should therefore not exceed 0.1 AR. unit by 
and its deflection angle by ¢, since @ varies as 8, =adl 
To determine set in ‘Eq. 30 equal to 3’, 12’, or 48’ ‘selecting that 
value which ‘makes ‘8 of most suitable length. . Having thus chosen s and 
& = 4/3, proceed to set out the spiral by polar deflection angles. . In Table 1, 
polar deflection by the fact that @ varies 
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SPIRAL 


= 


— 

that (see Eq. 8) a — C, and then recorded to the nearest nearest t 0° 0' 20”, 
= this being the limit of graduation of instruments in normal use (5). ae ET oft 
a It may be considered desirable to divide the spiral i into a number of equal 


chords and then to set out the Points from the formula, a — 


(31) 

Ww shich i is sufficiently accurate for values of to im 18°, Extensive tables, 
corrected for the approximatior 4 
TABLE 1.—Po.ar DEFLECTION ANGL PI 


have been prepared this 
method (2 yielding the 
called ten- chord and 


ls, 
chor 1 spi irals, ter twenty be 
Polar being the a adopted m nun- y 


deflectior 
ov | og | ber of equal chords. 


008 01 007 of these ‘methods are 
00° 04’ 00” 


FOR STAKING A SPIRAL BY 


STANT CHORD 


00° 49’ 00” | 
01° 04’ 00” 
01° 21’ 00” 


00° 097 00” open to the objection, that the 
the even chain lengths along th 
00° 36’ 00” 


curve; but in the: absence of 
complete tables the spiral uy 


09° 34’ 40” 


01° 40’ 00” 
saving of time and compu- the 
ror 00” hil 
92° 24’ 00” . tation is considered worth while. an 
45" 00" Decree or Curvature wi 
04° 48’ 40” Without entering into the 
uments for or against (23) fir 
00° 4070 g 
the use of the idea of “degree = 
| oof curvatare,’ it remains a fact 
= 48” 00 that it is s the present American 


10° 23" 40” practice to treat curves in terms or 
11° ly of this concept; hence a word 
i 
| 18°01 00” or two will” be offered. in 
section relating the equ: tions sp 
| 18801" 00" ‘involving the degree of curv 
_ @ Number of unit chord lengths from the tcteael of the _ gree of | Curva ature exist, but tha th 


which seems ‘most acceptable at 


present is the following (21): 


Definition 1.—The degree of curvature, d, of ae circular curve is the 
Definition 2.— —Extending Definition the degree of curvature, d, of 
‘main ‘spiral at any point is , the degree of curvature of its osculating circle 


at that point. The final 1 degree of curvature of the spiral is aah 
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pers TRANSITION SPIRAL 
20 : Defini inition 3.—Let K re resent the 1 rate of chang e vel the de ree of curvature — 
ge g 


“of the transition spiral per per 100 ft of are ire length. The spiral cal can then be classified 
qual as a x°-spiral (21). Relations connecting r d, K and k may be found 


100.007 x 360 5 

‘lon, gr . 4,2 = “jane 2 (5,730) _ Making s = 100 ft and 


9 
100 x 5 


2 at nd 33, r (or R) ) and K can w ‘substituted. in any of of the — 
‘paper by d (or and Messrs. Pickels and Wiley (21) 


treatment along these lines. 
( 


= 


a 


have e presented 


One of the 1 many problems ; encountered in highw ay engineering is that of 


“curve ¢ construction and the consequent superelevation. ‘The. staking of the 
-superelevation on unspiraled curves was a hit-or-miss affair, placing most of 
: the burden on the motorist. In addition to speed, considerations of i safety 
and comfort must also be treated attentiv ely in curve design. .. Thea answer to 
the problem is a continuous spiral whenever that is possible. In determining — 
7 when a curve m may be transitional throughout it became necessagy for the 
writers to ) examine the mathematical theory of the transition ‘spiral. The 
first step w was to examine » the existing | readily obtained liter ature, where it was 
found that the mathematical theory of the spiral w was often obscured for one > 
or more of the following r reasons: 
Fi. Although n numerous formulas w ere 0 offered fered, often no no proof, or very little | i 
. Comfort safety requirements were not sufficiently considered; 
2 ‘Generality was lost because field men were soon w eaving into formulas 
- specially adopted or favored values for certain parameters (for example, 
‘numerical values of p and might b be adopted d early: in the treatment \ with the a 
result that the pirat Aaa of these parameters is lost foreve er ‘in the sequel); 
In an effort to be practical the essential mathematics as obscured 


mathematically extraneous idea of of curvature” 


which mathematical properties of the curve are. and which are approxi-- 
mate, or by neglecting to inform the reader to what extent a is 


Often the mathematics was develope the of 
~ explaining or developing a particular set of tables, or the treatment was 
otherwise (purposefully, perhaps) « one- sided ; and 
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o>. » Fe ime few cases (British), the treatment was too “massive | r exhaustive. (10 
obviates | these faults will better a 1 
ss growing number of persons who need a clear and concise introduction to the § — 
fundamental principles of the curve. (12 
Historically, the transition spiral was first investigated by the Swiss 
mathematician, Leonard Ei Euler, and s seems to be a mathematically | ‘rich eu curve, 


curve: and earlier applications to the study of elastic springs and d to the 
theory of optics (35). Ani amazingly rich bibliography of the mathematical (14 


dev elopment of the properties of this curve is given. There i is no duplication 
! _betw een this bibliography and the r remaining items in the Appendix. In all 
likelihood the Euler curve possesses some still unknown properties (exact or 
approximate) which perhaps could be valuable to the engineer. Who knows, 
_ for example, how well the engineer. might improve on the present osculating 


circle method of laying out the spiral when he faces the need for moving up § 
the curve (15)? The ‘mathematical pole of the spiral can be found 
easily; can n it be used? new problems will the spiral present? Will there 
bea any ‘need for a ‘method of applying vertical transition at the ends’ (ug 
of the spiral? How can the engineer best devise such a method? Can he “4 
improve t upon existing ; methods of describing right of i ways for these curves (8)? as 
(27 
(2; 
@ 2) “Transition n Curves for Highways,” by J aay Barnett, ‘Bureau of Publis = 
Roads, U. D. A., Government Printing Office, ‘Washington, BD. (2 
2 ‘ “The Trend of Highway Design,” a by A. G. ‘Bruce and R. D. Brown, (2! 
ye ae Roads, Bureau of Public Roads, U. S. D. A., Vol. 8, No.1, B 
“The Effect of Increased Speed of Vehicles on Design of 
A. G. Bruce, ibid., Vol. 10, No. 1, March, 1928, pp. 11- 
“Principles of Road Engineering,” HK. 3. J. Collins and C. A Hart, | 
one (6) “Aspects of ‘Highway-Curve Design,” by ‘Henry Criswel, Proceedings, 
(2 


(8) “The ‘Highway Spiral,” by G.I. Gibbs, Ist. Ed., Roanoke, ‘Va., 1941 


c Transition Curves for Railways,” by J James Glover, Proceedings, Inst. 


— 
— 
— 
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“Data Relating to Curves and Superelevations,”” by Heist hi 
(graphical), 


(11) “American Highway Practice,’”’ by L. I. Hewes, J ohn Wiley & Sons, Inc., 
New York and London, | 1942. 


Varies Inversely as the Distance from the Origin,” by Walter | ‘Hew Tewson, 
“Proceedings, Inst. C. E., , Vol. CXCVII, 1914, p. “a 
(13) “Highway Surveying ond | Planning,” by T. F. ‘weasel McGraw i 
Book Co., Inc., New York, N. Y.,2d Ed.,1986. 
(14). “Highway Curves,” by H. C. Ives, John Wiley & Sons, Inc., New “York 
and London, 3d Ed., 


“A Solution for ‘Laying Out Spiral Curves for Highways,” by Orville 


Kofoid, Western Construction News, June, 1939, pp. 196-197 (gives 


convenient formula for moving uy up along the spiral). 


“Road L. Leeming, London, 1924. 


“Skidding Characteristics of Tires on Surfaces, and 
‘Their Relation to Highway Safety,” by R. A. Moyer, Bulletin No. a 20, 
3 Towa Eng. Experiment Station, Ames, Iowa, 1934. err 
(20) “Design Features—Pennsylvania Turnpike, "by 
Engineering, July, 1940, pp. 437-440. 
* “Route: Surveying,” by G. W. Pickels and C. C. Wiley, John Wiley 
Sons, Inc., New York, N. Y., 2d Ed., 1939. 
(22) “Curve Design,” by F. G. Royal- Dawson, 1932. 
(23) § “Road Curves for Safe Modern Traffic and How to Set Them Out,” by 
(24) “Graphic Solution of Road and Railway Curve Problems with the Aid of _ 
Lemniscate Curves,” by F. G. Royal-Dawson, London [19327] 
(25) “Field Engineering,” by W. H. Searles, ré revised and enlarged by H. | 
: Ives, John Wiley & Sons, Inc., New York, N. Y., 21st Ed., 1936. = 
(26) “The Railroad Spiral,” by W. H. Searles, John Wiley & Sons, Inc., Nev 
(27) “A Practical Method for the Improvement of Existing aati e. 
. W. H. Shortt, Proceedings, Inst. C. E., Vol. 176, 1909, p. 97. 
~ (28) “New Features in Road Designs,” by H. E. Surman, Circular No. 
Univ. of ‘Ulnois, ‘Urbana, Vol. 24, No. 16, ‘March, 1937, pp. 100-113 
(29) | “The Railway Transition mn. Spiral,’ by A. N. Talbot, 6th Ed., Eng. N 
(30) “Standard Tables and Formulae for Setting Out Road Spirals,” is b 
“Surveying,” by W. N. Thomas, London, 1920. 
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gays “Highway Safety Exemplified by Properly Designed Constructed 
by R. E. Toms, American Highways, January, 1937, , Pp 
(33) Bdge Engineering Handbook, by L. C. Urquhart, McGraw-Hill Book Co, 
* New York, ‘N. Y., 2d Ed., 1940. 
(34) “A Transition Curve,” Williams and R. B. H. Begg, Bulletin 


Mathematical al Monthly, Jun 1918, p.: 276. 
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_ REPORT OF THE COMMITTEE OF THE SANITARY | on™ 
ENGINEERING DIVISION FOR THE TWO | 


YEARS ENDING DECEMBER 31, 1944 


‘The last t report of the Committee on Water Supply "Engineering was oll 
4 the: two years s ending December. 31, 19421! | This report, as was that, is w vritten , 
ina period when the normal progress in w water supply is upset, but i in ‘special Le ; 

ways stimulated, by the country’ s intensiv e devotion to war enterprises. % The | 
Committee is, as in the last report, ‘including so some satements of conditions 


For many industrial plants w ater "supplies have been increased, 
purification plants built i in considerable numbers. Existing water plants have : 
been greatly enlarged \ where required to supply war industries; whereas, on the a - 
other hand, the normal course of improvements: to water supplies for cities 

which have no marked increase in war industries has been interrupted. San 
Diego, Calif., the East Bay Municipal District (San 1 Francisco” Bay, Calif. ), 
and Detroit, Mich., are’ striking examples ¢ of the former class. — New York, — 


N.Y., is the outstanding example of the latter class, since its huge new ; Rondout- 


Delaw yare supply has stood for nearly three years with its first dam only partly 
completed and only the natural flow of Rondout Creek to make use of its long 


4 During 1944 optimism as to a . quick vietory in the war grew in official 
circles at Washington, D. C., and many limitation and conservation ‘orders 
were revoked or revised. Cutbacks in manufacture of military, ‘material of © 
30%, 40%, and even 507% Ww ere planned by the War Production Board (W. P.B 
to follow the. e expected quick | victory i in Europe. — Its regulation No. 25, . the 
— “Spot i Authorization” plan, was put into effect. - | For utilities, including w ater, 
the limit for the material cost of plant additions requiring specific ‘approv al 
_ was raised from $1,500 to $10,000, where it still (March , 1945) stands. se Barly 
A in 1944, water utilities were permitted for the first time in several yé years to use © 
th the copper tubing then in their inventory; later new copper tubing was made y. 
_ available. Bronze was again permitted fc for use in producing w ater meters in 
sizes up to 1 in. n. Because of the shortage of form lumber and an increased 


supply of steel plate fabrication and erection of steel water storage | tanks — 


all comments on this directly to Chairman Thomas H. Wiggin, 
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= During | 1944, asl even previous to the military delays in November 
and December i in France and toa lesser extent i in Italy, there was a progressiv 
Ba oes shortage due, in part, to the movement of labor to peacetime business in 
of the shutdown of the more lucrative war jobs. The. 
Production Urgency | Committee” system was set Up, first on the West Coast 
3 and then in other areas in the Middle ' West and East. — As the situation became > 
“still worse, so-called “Modified Area Production Urgency Committees” fe on 


instituted in nearly all parts of the United States with power to pass on and 


A 


oO 


BS 


recommend approval rejection of production or _ construction projects 


we requiring additional man power. > _ Where at the beginning of the year the use 
of critical materials was of prime consideration, later additional construction | 


could only be allowed if it could be demonstrated to these committees that m man | 
power was available. Following the military difficulties late in 1944 and the 


again were scrutinized both with regard to ‘editeal materials: 
> ill ‘Iti is still thought to be the opinion of the Water Utilities Branch of W. Pp B. 
res water supplies are inadequately maintained for safety, that needed exten- 
sions should be made, and that less urgent but sound projects should be pushed 


aH where man power is available. _ While a army and navy installations, except in 


conquered lands, are probably nearly ‘complete, it has been stated that addi- 
tional manufacturing plants: are to be built at once and additional water 


Propuction or Cast-Iron anp Cement Linine THEREFOR 
Information on tonnage or footage production during the years covered by 


this. -report—namely, 1943 and 1944—is not complete (see Table 1). It is 
obvious that the years 1943 and 1944 showed a very large reduction in orders 


‘TABLE 1- —Cast- Inon Propuction AND INTERIOR Proraction 


(a) PRODUCTION? AT STANDARD CEMENT _ (c) Tatn CemENT Com 


(d) 


(1943 65 a 40+ | 0.93 | 53 | 8.53 2 | 172 
eIn percentages of the 1940 data token as 100%. inte for foundries A and E one met available. Per- 


aan ines of the orders at foundry "A were for war plants with no time available for lining; and 25% of the total out- 

4 a a ms t of foundry A, in 1944, was for standard cement lining (Table 1(b)) with another 25% for thin cement — 
he aa Leh ng (Table 1(c)). At foundry D — thin cement lining (Table 1(c)) was produced, but very little. 
Data not available for foundries A, B, C, and ¢Datanotavailable 


= for cast-iron pipe ; as compared ¥ with 1941 and 1942 but that call for cement 
lining for normal plant extension w ork is particularly for thin 
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direct charge. n the opinion of ‘the Committee there is a question as to 


whether the thin lining provides. protection « equal to that furnished by the Sy 
‘linings of standard thickness. im 

a” 


or Lance Prep in Prace 
The p process of lining large pipe in place by a traveling, centrifugal, mortar- 
Tecompe machine, with revolving paddles attached, has continued in the field. 


The company y engaged i in this work — a total of 43 miles ¢ of 36 j in. to 60 in. 


‘in 1942 reached the very high peak of nearly fell off markedly 


iron 1 conduit, laid in n 1874 ad abandoned i in 1934, was as lined with 3 2 in. to} in. 
of mortar and put back into service in December, 1944. This pipe was as 


much as 6 in. out of round, making cleaning difficult and smoothing of tk the 


oF SMALL PIPE IN Puace 
- The American branch of the Australian process of applying cement lining — 


by mandrel to. pipe in place i in diameters 3 in. to about 16 in. has continued 
active d during the war. . Up to the end of 1942, w when the Committee’ 8 last 
report was ‘made, about 50 miles of pipe had been s so lined i in — America. 


‘The paramount needs for war have interrupted nearly all water supply — 


except where increased supply was shown to the W.E to be 
2 


increased ‘to plants manufacturing war or re- 


- ‘dectric power plants. The added power is being used by m new or enlarged war 

The Central Valley y (California) Project was largely arrested fc for a time but 
"resumption of construction on the huge Shasta Dam was soon authorized. 
state of the work as of January 1, 1945, , was as follows: 
Shasta Dam was practically “complete. ‘except for installation of 
“fates, Storage of water behind the dam commenced in January, 1944. Power 
Friant: Dam on n the San J er = 
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7 : Contra Costa Canal had been partly completed and that part was in service. a 
San Diego, Calif. — -Water supply requirements i in the San Diego area have siti 

probably i increased as as anywhere in the United States during the 

of. 


a plan i is being to obtain additional water the Metropolitan 
Water District of Southern California. To obtain this outside supply, the 
: =i - city, together with a large adjacent area, has formed what is called the San 


Diego County Water Authority. This Authority, working with the U. S. 
Navy Department, the Federal Works Agency, and the Bureau of Reclamation, © 
has conducted investigations. to determine the best method of procedure. . At ! 
_ — negotiations are under way for annexation of this Authority to the 

Metropolitan Water District of Southern California. 


Arrangements: have been completed by which the Department will 
7 finance the construction of an aqueduct from the west portal of the San Jacinto 

Tunnel | on the Metropolitan Aqueduct | to the San Vicente Reservoir. This 
"aqueduct will have a length of approximately 72 miles and is estimated to 
cost some $18,000, 000. ‘Bureau of Reclamation v will provide the engi- 


neering plans and specifications, the Navy ‘Bureau. of. Yards and Docks 


; the Navy Department and the San Diego aatias Geter: Authority for the 
7 purchase of the aqueduct from the Navy. This aqueduct will have a _ capacity : 
of 77.5 cu ft per sec.’ It is planned to begin construction about April, 1945. 
‘ _ ‘The municipalities who have shared in the cost of the Colorado River supply 

of the Metropolitan District are exercised because 1 no provision has yet | been 
; eo made by the federal government for sharing on behalf of San Diego the cost of 


producing the supply from the Colorado River. 
Los Angeles, Calif — —The City of Los Angeles has also had a very substantial 
ot ed > increase in water consumption and is now utilizing the additional supply | ob- 
tained from Mono Basin, which is being transmitted to the he city through ‘the. : ee 
ae Owe ens Valley Aqueduct. . With this supply, Los Angeles, as yet, has not had st 
purchase any very large quantity of water from Metropolitan Water 
District. Quite a number of additional facilities are being planned by ‘the 
: a ; City, among which » is the Baldwin Hills distribution reservoir proposed fo for ‘is 
construction, with a capacity of approximatel 300 million gal. 
y 
Metropolitan’ District of Southern California.— —The Metropolitan WwW 
District of § Southern California i is now supplying water through its La Verne 
a - Softening and Filtration Plant to all but two of the member cities. 7 ‘The plant t 
ay has a capacity of 100 mgd and during the past year t! the 1e output has reached a a 
_ maximum of about 45 mgd. | With the continued war activities in Souther n # ¢ 
California, the output undoubtedly will be increased during the 
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California cities in | providing 2 an polo supply during the present w war crisis. mune s 


_ San Francisco, Calif—The City of San Francisco has been engaged a 
an additional outlet tunnel at San Andreas Reservoir. Plans are 
under way for the installation of an additional pipe line from that reservoir to 
city a8 SOON as | certain be obtained permitting the the purchase 
ast Bay Municipal District. —Water consumption i in the e East Bay Mu- 
“nicipal Utility District (Oakland, Calif., and vicinity) has increased steadily ar and F 
- rapidly from about 43 med i in 1938 to 86 med i in 1944, , and is expected to Teach — 


94 mgd in 1945. - ‘This increase has been due e: entirely to the extensive war 


activities in the East Bay area. -_ 


_ During 1944 approximately 26. 9 miles of cast-iron Pipe — from 4 in 


o to extend 
service to new housing projects and to war industries. Six miles « a 36-1 “in. steel 
line, cement lined and gunited, were installed between the San Pablo Filter 
Plant and Richmond, ( Calif., in order t to i improve t the supply fi for the 5 Richmond 
shipyards, the Standard Oil Refinery, the many housing projects, the Mare 
Island Navy Yard, and numerous other industries in that vicinity. . During 7 
1944 also the District has been 6 to Vv allejo, 


District has nie construction an additional pumping plant on on the pipe line 
betiw: een Richmond and Vallejo, together with some 3,000 ft of 25-1 “in. steel pipe 
in the vicinity of Crockett, Calif. Ths installation is expected to be — 
cae Contracts have been let for the construction of a second, or Bixler, | pumping 
plant on the Mokelumne Aqueduct, which aqueduct transmits water from the : 
Pardee Reservoir to the District, ‘a distance of some 93 miles. This is 
‘District’ principal source of supply. The aqueduct has a capacity of some 67 
mgd with the Walnut Creek pumping plant in operation. By the construction 3 
of the Bixler " pumping plant, located ‘approximately 33 miles east of, and 
‘operating i in series with, the Walnut Creek plant, the capacity of the aqueduct a 
will be increased to 95 mgd. . The! Bixler plant will have two vertical- -type 
‘pumps of 473 mgd | capacity each, operated by 4,000-hp motors, and will pump 
against maximum head of 450 ft. This plant i is being con- 
structed in cooperation with the Federal Works Agency. 
Tacoma and Seattle, Wash.— —The City of Tacoma is replacing | some 10 
miles of of 60-i -in. ¥ wood-stave pipe with 60-in. pre-cast concrete pipe, and Seattle © 
is replacing : some 2 miles of 60-in. wood- stave pipe with 60-in. steel pipe. 
These replacements will insure a continuous supply i in those important centers _ 
| = Salt Lake City, Utah—At Salt Lake City, an ‘additional water supply is — 
to be provided through the Deer Creek Aqueduct under a cooperative agre 
ment between the City and the Bureau of Reclamation. . The Bureau has nl 
"construction all of the concrete sections of the e aqueduct, which make up about 
three f hs the length. The ‘remaining | one fourth is to be constructed of 
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pipe and this section is is being held | up by the Ww. P P. B. with the 
. standing that in case of any - threatened water shortage, sufficient steel will be 
Chicago, Il.—Construction work on Chicago’s South District Filtration 
a - Plant has progressed to the extent that the huge plant is about 70% completed, a | 
. 8s of December, 1944. The plant is to be operated partially in 1945. The 
water will be chlorinated, coagulated, and settled; but not filtered until priorities 
ney. on the filter equipment are obtained and the equipment isinstalled. = = 
She Baton Rouge, La. —A plant of 20,000 gal per min. _ capacity for clarifying 
es a - Mississippi River water without filtration was constructed at | Baton Rouge for 
io use in certain industrial plants requiring cooling water. ‘The Spaulding 
PoP is ‘principle was employed. ‘The water i isf for the purpose of replacing, , during the 


ae a months when the Mississippi River is cool enough, water from a much over- 


é 


— In the midst of w administration has urged and Congress has passed 
bills which seem to be designed t to have a far-reaching effect on the development: 
rivers for all purposes and which necessarily affect water supply. House 


‘ Bill 4485 authorizes the construction of public works on rivers for flood con 
a 7 trol, navigation, irrigation, and park purposes with provisions for allowing 
“use for water supply. % “This work, except : as noted subsequently, i is assigned to 
the Corps of Engineers with the Proviso: that the Reclamation Service shall 
- 7 be kept informed and, to the extent deemed practicable by the Chief of | Engi- 
sg *. ; _ heers, permitted to participate in investigating w works west of f the 97th meridian 
Bie = tabi lies just west of Minnesota and Towa and in the easterly parts of 
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= sad, to » the: extent by the Chief of Engineers, allow ed 
- to participate in investigating works within their bo rders. _ Reports and recom- 
aa mendations | on projects are to be be printed as as House or Senate documents. . = 
ie. %:*.*, au The use for navigation of. any waters west of the 98th meridian is to be 
=: Sie only such as shall not conflict with ‘present | or prospective use for “domestic, 
ij ‘municipal, ‘stock water, irrigation, 1 mining, o or industrial purposes. ae 
*-galion control is placed under the War Department but federal investiga- 
tions ¢ of watersheds and measures, for runoff and water-flow retardation and 
fl soil- -erosion 1 prevention on watersheds are assigned to the Department of Agri- 
culture. No reference is made to gagings, now under the Department 


Parks may be constructed by the War Department or or under license by it. 

‘They shall be open for such boating, swimming, bathing, ‘fishing, | ete., +» 2S ‘the 
War Department considers not contrary to the public interest. 


pe ain Surplus hydroelectric power generated by plants built by the War Depart- 


: By — shall be delivered to the Secretary of the Interior for disposal under | e. 
aaa arrangements affording lowest rates to the people. The Secretary of War is a 
empowered to make contracts with states, municipalities, private concerns, or 

and uses of surplus water, provided that 
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‘0 coment for such wa water shall sabe affect then existing lawful uses of 
of the "shall determine that any dam and reservoir r project operated 
— direction . the Secretary of War my be used for irrigation, the Secretary ; 


works shall be self- -supporting under ‘the Reclamation Service law. rads 
g idl The bill provides for improvements o on the Missouri River to be ial 
by the War ‘Department and Reclamation | Service, but the President, in signing 7 
the bill, served notice that he would later ask for a Missouri River Authority om 


| 


during the war the purpose 


To list. affected by this bill would take too 
river basins in which these projects lie are as follows: Lake Champlain, N. Y., 
Basin; Blackstone River, Mass. ; Connecticut, Thames, a and Hoosatonic rivers, 
Conn.; - Susquehanna River Basin; Roanoke River Basin, Va.; 3 Edisto River 
Basin, South Carolina; Savannah River Basin, Georgia; Mobile and Alabama, 
f. Coosa River Basins; Lower and Upper Mississippi River Basins; Red- Ouachita 
River Basin; Arkansas River Basin; “White River Basin; Red River of the 
North Basin; ‘Missouri River Basin; Ohio: River Basin; Great Lakes ‘Basin; 


Colorado River ‘Basin; Bragos River Basin; Rio Grande River Basin; Great 


‘Basin; Los "Angeles- San Gabriel Basin and Ballona Creek; River Basin; 
San Joaquin River Basins; Napa River Beda, California; Coquille 
_ River Basin, Oregon; Nehalen . River Basin, Oregon; Willamette River Basin, 
Oregon; Columbia River Basin, Oregon; Willapa River Basin, Washington; — 
Chehalis River Basin, , Washington; and Territory of Hawaii. 
addition, 43 individual projects which appear in some cases already 
included broadly i in “basins” are listed ‘separately for investigation. 
beat There is included also a list of about a dozen watersheds upon which erosion _ 
prevention s studies are particularly a authorized during the war and prosecution _ 
of remedies ordered to be ‘begun not later than immediately following the 
cessation of hostilities. Acquirement of land for these projects is made subject 
‘to the legislatures of the states in which the projects lie and a provision is is made 
to pay to counties 1% , annually of the acquisition — valuation o of the 


| The total ie Miers for the projects i in this bill amount to more than 


ae for projects to be modified as s studies progress. In many cases construction is is a 


~ apparently authorized in accordance with reports from the Chief of Engineers 
in participation by states and the 
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WATER SUPPLY ENGINEERING 
_ .“It is hereby the policy of the Congress to recognize the interests and 
~~ rights of the States in determining the developments of the watersheds’ 
5 within their borders and likewise their interests and rights in Water Utili- — 
zation and Control, as herein authorized to preserve and protect to the — 
fullest possible extent established and potential uses, for all purposes, of 
4 the waters of the Nation’s rivers; to facilitate the consideration of projects 


on the basis of comprehensive and co-ordinated development; and to limit 
the authorization and construction of navigation works to those in which — 
a substantial benefit to navigation will be realized therefrom and which ~ 


rivers by other use users.’ | 
‘The € Committee believes that this bill is the greatest step ever taken in the 


United ne to nationalize and incidentally militarize river : and water r supply 

engineering. ~ River work which is likely to take a generation or more has been 
— to the War Department by Congress ar and is already | being diligently 7 


pursued by organizations assembled for war construction but now released i in v 
considerable part | by completion o of most of 1 the war installations. Civilian + 
engineers may share in this work as subordinates in the U. 8. District Engineer 7) 
offices and perhaps sometimes by taking over in their consulting offices some _ 
problem assigned to them by the Chief of Engineers, 
oe The Committee believes that the purpose of coordinated deve lopment o: # 
-Tivers | expressed i in the bill is a proper one but its pursuit on such a huge scale a 
in the spirit of wartime haste is questionable. There i is also a question which . 
should interest the Society as a whole, and the Sanitary Engineering Division | 6 
in particular, because of its interest in the use of rivers and reservoirs—namely, te 
; the question of whether a a broader organization with opportunity for any Le 
on engineer, no ‘matter where educated, to reach a position of authority and ps 
Tecognition, st should ‘not be created to handle this huge river work, 


as House Bill 4485 previously « discussed, es Meee Bill 3961 (authorizing 7 
re. the improvement of a great many harbor and navigable rivers when n appropria- ; 
tions shall be made, but ‘not generally before six six months after the cessation of of 
rie hostilities) constitute the main contributions of the federal government to 
postw ar activities related to water “supply. States and -Inunicipalities have 

_ been and are likewi ise busy i in listing potential improvements including water 
prominently. Appropriations have been made by some states to 
provide grants in aid of municipal planning for postw ar work eae =r a 
Postwar | planning i in the water supply field has received ‘special aid through | 
y a committee organized in the summer of 1943 and sponsored by the American a 

es, Water Works Association, New England W ater W orks Association, Sewage © 
; es Works Federation, and the Water and Sewage Works Manufacturers Associa- _ 
For nine months, Field Director S. 1. Filby, M. Am. Soe. C. BE, on leave 
_ from his regular consulting work, gave his full time to promoting the > develop- — 


ment of plans" and specifications for. necessary and desirable ws ater- works 
was aided by the state sanitary — 


ak 
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engineers and b manufacturers’ re resentatives. Special promotional ma- 


terial was provided. 
_ The Committee on Post War Construction of the Society has also been | 


active, publishing a monthly bulletin on engineering constru tion plans 
under w ay. The bulletin dated December 1, 1944, gave the water-works 
_ projects ; as totaling $337, 000, 000 with an increase of $47, 000, 000 since the 
‘November 1 report was ‘issued. These e reports are based on statistics gathered 

~ __In a mye inventory of needs for public water supply by H. W. Streeter, 
M. Am. Soc. C. E., and Ray Raneri, Assoc. M. Am. Soe. C. E., Engineers, 


Publie Health Service, it is estimated an annual cost of about $24, - 


that, if new w ater systems to supply small communities or groups Ww vithout water 
7 pplies w were installed, they would number ‘approximately 5,000 and cost an 
- estimated $180,000, 000. If extensions and improvements were made in in 6,500 
communities : at an estimated cost of $502,000,000 000, 1000 were apent 
for softening water supplies, there would be a requi 
field for slightly more than $800, 000, 000. 
The Water Supply Committee is not convinced that ; all these public works | 
ow ‘ill be needed in accelerated tempo and hopes that they will not be needed | 
as they involve large i increases in public debt. The preparatory work is very 
a te he however, as definite plans | would save waste if the system of made — 
. work should again b be adopted. 7 Doubts are > caused by the fact ; that 1 the need - 
for the stimulus sought by pump priming was not felt for about 12 years after 


* the cessation: of in the ‘First W orld WwW goods and 


‘SABOTAGE 


At the time of the last report of this Committee, in . January, 1943, ,means 
et protecting w ater supplies from sak sabotage had been developed | and were > being 
rapidly installed—such as watchmen, lights, and barbed-wire enclosures. 
_ There has been some reduction in the number of watchmen but the lights and — ., 


wires remain. = Provisions against bombing, such as camouflage and barriers, — 
have largely passed from mind as the w ar has been definitely carried into : 
enemy territory. 2 Bombing of coastal cities by self-propelled bombs is believed __ 


by y some naval men to be a possibility, but no one has suggested that such | 


ers. This was very care- ate 


‘on 


fully level bombing of the suicide type. Subsequently, one of the 
Italian dams was partially destroyed by bombing. | + These cases very materially a 


altered the military point of view regarding possible damage to large dams. 
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Taking a lesson from English experience and advice, state organizations | 


for the care of water supply in war have promoted cross connections between 
adjacent water supplies; state laws have permitted and encouraged them for 
Zz duration of the war and a good 1 many have been installed. — These have 


* 


had the double purpose of affording aid in case of sabotage and of reducing 
the amount of construction work and critical material required to meet new 


war demands for water. — _ This latter effect has been accomplished where or one 


supply has a surplus an and an adjacent ‘supply has a deficiency. 


SANITARY PROBLEMS OF CRoss Connections WHERE Non-PoTABLE 


sat tes the East for many “years it has b been the general policy of state sanitary 
authorities to forbid cross connections between non-potable, industrial water 
supplies and potable supplies. _ Much attention has been given to ferreting 


out and abolishing such connections even against the plea of fire i insurance 
a engineers that a double check with air gap between removes all danger. _ : 
_ . oe On the Pacific Coast the war has brought a special problem i in cross a 

tions in the protection « of ships and docks. The Department o of Public Health 
4 Bee of the State of California took cognizance of this problem early in 1944 by 
4 informing ; all the coastal cities s that recommendations were being made to ll 

Public Health Service to grant or aly provisional certification their water 

supplies: because of the prevalent practice of interconnecting by means of fire 
hose the fire system. on board ships with the dock hydrant system. N umerous 
‘S cases of contamination | had occurred when fire pumps of the vessels were used. 

v The investigations by water supply officials resulted in the adoption of pro- 
tective installations consisting of two gate valves, two check valves, and drains 
for testing the watertightness of the valves, these being placed as “hear the 
hydrant as practicable o n the water system side. In addition, many water 


ae companies required the installation of a similar " assembly - at the point of 


service ‘connection, 1, generally a as near the meter as possible. 
Southern California, particularly, a: another type of backflow 
* ae devices has been used to some extent instead of the standard check- valve | 
oe se installation. Briefly, these devices contain two check valves which are dunt 
hydraulic pressure whenever the pressure on the consumer rs side ‘rises 
above that in ‘the public mains. In addition, pressure ‘differential relief 
valve i is arranged : so that the pressure in the he chamber between the two checks 
Ce drops to atmospheric whenever the pressure on the consumer’s side rises above 4 
in the public water mains. In case the check valve on the consumer's: 
af side leaks, the 1 water which passes this check is discharged to atmosphere. 
. ae _ Also, a vacuum relief valve on the water department side of the two checks | 
breaks any vacuum which may ‘occur in the public water. mains, The back 


of unsafe the “consumer's premises is thus 


5 


= 


> 


= 


— 
Reports M 
— 
— che 
— 
— 
— 
— 
— 
&g 
— 
— 
| 
d 
3 
q 
i 
_‘Backilow than the standard, double, check-valve installations. However, 
are considerably more expensive to install and toe main pd ip most 


adopted of requiring standard check-valve installations to be 
by the consumer on all service lines ‘supplying pre premises with another 


‘it was found that 21% of the plants made new cross connections within five a ‘ 


years after statements had been signed by the consumer to the effect that all 
cross connections had been eliminated. 


The Cross- Connection Regulations of the California Btate | Department of 


petiadiiiuandien assemblies ar are » installed to p protect the public 1 water system. 7 
Other types of cross connections—for example, cross connections within sewage 


Unusvan Fioops, Hurricanes, Droucuts 


Reference is made to the very complete information on rainfall, ‘Tunoff, 


“floods, ‘and droughts i in the publication of the U. S. Geological Survey entitled 7 ; 

“Water Resources Review—United § States and Canada,” published monthly. 

A yearly summary for the water year is published following September of 
In the water year 1943 the water situation was favorable, rainfall ; 
‘ime deficient in only 10% of the area of the country. _ Droughts. occurred i in = 
Maine and ‘Florida and several southern and southw states. . A major, 
widespread, -record- breaking flood occurred jin an area of 200, 000 sq 
183 ering seven states from Oklahoma to Michigan. The historic flood of . 


1933 was topped and in Indiana and Illinois the flood of 1913 was equaled or 
exceeded. In West Virginia a a flash flood i in which rainfalt reached 15 in. in 

2hr caused loss of life to 23 persons. 


Unusually long-continued high runoff occurred in the United States central 


j area from Kansas no north into Canada, beginning i in (1948, becoming particularly = 


heavy about April, 1944, and ‘persisting: throughout 1944. _ The U. 8. 
logical Survey chart for the water year ending September 30, 1944, shows this 

area covering parts of nine states and Manitoba, with record yearly stream ae 
flows: of 270% and 320% of normal for western Iowa and eastern } Nebraska, 


oa A summer r flood in ‘Missouri i in 1944 gave runoffs of 800 cu ft per sec it 


e! 500 cu ft per sec per sq mile on watersheds of from 5 to 25 sq miles. “One i in ~ 


_ Virginia in September gave rainfall reported up to 17 in. and sent the James 


River to. the greatest height known in the 45 years of record. 
hurricane, somewhat similar to, but generally less severe than, the 1938 
in as haying the! highest wind wind ties 
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have not been in service long enough or in sufficient numbers to prove their 7 a _ 

en ~ _ The interest in cross connections has increased considerably in California go§ (ii 
g curing the last year, not only because of the matter of watery certification, but 
ve 2lso because of the new cross-connection regulations adopted by the State 
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in 50 years, struck | the N 
some twelve relativ ely small communities along the ot w ere W vithout a 


ow rater supply for periods varying | from approximately an hour to two days. 
7 _ The failure of the electric power 2r supply v was the most general cause of the lack 
> of water. _ In one community, the engine room was flooded. | ‘At two places 

a the storage battery for starting an auxiliary engine was so run down that 
- the engine could not be started. In one instance, the lack of cooling water 


"prevented the operation of a gas engine. At one seaside resort, broken board- 
_ t. _ walk hydrants interrupted water supply for some six hours. ee 


o&. a, When the hurricane hit the New England area it was generally less severe 

‘fa 7 than the 1938 hurricane, and furthermore the lessons of the 1938 hurricane had 

= >, oe in the water supply systems generally having auxiliary ‘sources vot 


: power er . Reports indicated little interference there with the water supply as iS a 


ofthisstorm, 


& During the latter r part of 1943 and nearly all of 1944, stream flow was below 
7 ‘normal in eastern Washington, southern Arizona, , and in | the Ohio 1 River valley : 
the northern portion of the latter. Referring to the annual stream 


& chart prepared by U. -§. Geological Survey for the water year ending 
"September 30, 1944, stream flow of 42% of normal i is 8 given i in eastern W ach. 
ington, the for that and 55% for Ohio and southern 


Boston, Mass., noted a forty- -four day local drought in June, 1944, with 


Ss a 0. - in. . of rain. Thi This equaled the previous dry record of May, 1926. 


; ft The Committee has noted no significant change since its report? for the 


bs 10 ye: years ending 1939 in 1 the theory or construction of either masonry ¢ or earth | 
ues to recei 

‘probably because of on floods and seemingly larger 
runoffs. | _ This matter was treated in the Committee’s report for the year | 


1940, 1941, and 1942.) _ The practice of the Corps of Engineers w will doubtless 


be. increasingly controlling. ‘Their rule in the recent past is understood 
a ae "provide | for a flood in cubic feet per se second of 5,000 times the square root of 
| a the area. (in square n miles) of the watershed; furthermore, , they start with a full 
reservoir and add a factor of safety, such as 25%. 

we ‘ag There is a growing tendency also to try and predict maximum rainfall, 


- considering possibilities as to air saturation and air currents that might « occur 


in combination i in the given region. — Iti is understood that such predictions hav wa 
_deenexceeded inafewcases: 

a general application of these very conservative methods to existing dams 


a postwa ar budget of large proportions. 


2 Roe The ee of ground waters in various parts of ‘the United States has 
at been aecelerated by the war demand. © _ Generally, no adequate control exists 
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r the withdraws al of ouch: w water. In 1943, the draft on the ‘ground water 

mupply in Louisville, Ky., was so greet as to make it doubtful if the ground _ 

ow water would furnish the required water for refrigeration purposes ‘during the | 
onicty summer season. — As this water was urgently needed for war plant use, 
the city furnished. cool, ‘filtered water for recharging the wells and this water 
was Tecaptured by the. draft from the ground water during the summer period 


_ when the surface w ater was too warm — be used for cooling and a 
ve Reference has already been made to difficulties at Baton ton Rouge. A 30- -_mgd 
sedimentation plant was constructed to ‘supply clarified Mississippi water 

cooling purposes during t the cool months i in order to relieve the overdraft on 

"ground water. Similar relief of | ground- been practiced 


The use of gravel- packed wells w with or or conerete screens, 
~ sunk by the rotary or the bailing method, is steadily increasing. _ These are af 
ee where the yield is plentiful, because of less cost per unit and advantage of J 
| fewer, larger, and more economically- -operated turbine pumping units. Ine 


some locations where salt-water intrusion occurs, the smaller wells for 


“skimming” the fresh water are found more desirable. 


A more economical method of installing water level wells, using drive pipe — 
4 
vonly } ‘fin. or j in. in diameter, has been devised and ‘used by engineers of the a 


Soil Conservation Service in California? 


PROGRESS AND ‘Tren DS IN PURIFICATION 


of Chemicals.— 


and improved of are enabling: of aluminum | 

sulfate to offer products practically equivalent to the prewar material. _ There i 

: has been expansion of the idea of using silica for the improvement of coagula- 4 
tion and an increasing use of clay is reported as an aid for the coagulation _ 
me Break-Point Chlorination. —Significant developments have taken place in © 

the chlorination of water. Treatment to the “break point” is being rapidly 

extended as a result of a habia understanding of the | advantages of active ’ 

chlorine. Generally speaking, there has been improvement both in 1 quality 

and taste by chlorinating to such an extent that there is ; chemical ee 

between the chlorine and interfering compounds in the water. The role of 
ammonia, as it affects chlorination, is better understood. — Often the effective 4 “a 

ness | of chlorine, when applied in marginal doses, is reduced by the presence of 
ammonia and similar compounds. Break-point chlorination is the addition — 
of chlorine in | quantities sufficient to cause reaction between chlorine and the 

~ ammonia and other compounds present i in the water. “sh The term implies leaving 

; in the water a sufficient amount of active chlorine for rapid germicidal action. 

— The development of the flash test for residual chlorine and the arsenite test for 


4 false residual aid in in the control of chlorination 


= > 


= 
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SUPPLY ENGINEERING Reports 


Chlorine Dioxide.— encouraging results have been obtained i in the 
removal of of 1 taste and odor wi with chlorine -dioxide. The development of relatively : | 


cheap 1 means of ‘producing this -eompound by reacting sodium chlorite with 
_- gives promise of its use to 2 a considerable extent for i improving the 

- palatabili of water. The treatment is claimed to be particularly effective 

in destroying phenolic compounds. — F ‘Since relatively large amounts of activated | 
carbon are required to remove phenol, chlorine dioxide may prove very helpful 
in phenol contaminated waters. The use of chlorine dioxide is being tried in 
a number of plants and a better ‘ appraisal of the method may be expected i in 


‘Industrial Purification, Plants. —The huge | industrial developments, which = 
an a have taken place i in connection with the war activity, have necessitated the a 
trial “use. This has i involved 1 intense activity on the part of _water-works 


ae as up-flow sludge blanket equipment. _ There has been a rapid develop- 

ment of the “ package” ’ type water purification plant which can be installed 4 
units, capable of meeting varying loads. is The same type of water- -works equip- 
_ ment has been used toa large extent i in camps and war areas: where existing 


ic Likewise, a a rapid expansion has taken’ place i in facilities for the softening 
of water to be used in industrial process work, particularly i in the manufacture . 


synthetic rt rubber. In many cases, partial softening has proved adequate for 
industrial. water, especially that intended for cooling purposes. Both the 


Ke exchange process and the lime-soda - process h have been utilized 1 extensively in in 
oo these developments and, in many cases, partial softening has been accom- 
plished by the use of lime alone. - This field offers unlimited possibilities for 
he newer control devices, many 0 of which utilize electrical principles. me? i 
at Salvage of Lime. —Lime r recovery at water softening plants receiving 


attention : and the time may not be far distant when some of th the plants will 


not only b be s producing st sufficient lime for the p plant but J perhaps at an excess that: F 
_ may be offered for sale. ‘Use of the centrifuge for concentrating sludge and | 


: i a improving the quality of the precipitate indicates a future 1 trend in the 
Basic-Exchange Plants. —The various” procedures for the complete de- 


ionization of w rater, by ‘passage through beds of ion exchange materials, appear 
a to be practical for certain industrial applications and, to a limited extent, to — 


larger water supplies. Generally, this process i: is too expensive for the soften-_ 


ing of domestic water supplies where hardness and salinity are ‘high. 


High-Pressure Aeration and Chlorination—A ‘unique of the 


possibility of ‘Temoving taste and odor from water by means of aeration | is 


from West Virginia. The use of high- -pressure nozzles. combined 
with chlorine treatment and activated carbon, i in successive steps, 


quite successful in the removal of objectionable taste and odor, caused by — 
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“et water standards adopted ag the v. §S. Public Health Servien for use on 
“interstate carriers developed a very extensive criticism from water- works 
operators.  Thev validity of the objections raised was recognized by the Surgeon 
-General—as a result an extensive interpretive letter was issued in reference 
to these standards under date of September 1, 1944. bad 
Census of W ‘ater Treatment Plants.— —The U.S. Public Health Service com- 
pleted the first census taken of” water treatment plants in the continental 
United States covering 5,372 plants. This was published at 1 the beginning 


i _ Fluoride Treatment. —Long- term experiments under way in New Y ork 

% State and in Canada, on the effect of additions of fluoride to water supplies. 
for the prevention of dental caries, represent a unique e undertaking i in the field © 
of mass medication. It i is too to predict any results, 


for the more conventional sand filter. This: filter is said to have. advantages in in o 
_ the quality of water produced and in the capacity of the filter per unit of weight oe: 
and per unit of volume. One important advantage of the diatomite filter is a 
the removal of amoebic cysts which it had been found would pass through the we . 
filters. The diatomite is mixed with the water and has to be supported 
on on some base. Cylindrical ¢ elements made of ‘porous r refractory material and _ 
helically wound wire have been found adaptable, according to Army 
: a | Field units developed are reported to be of two sizes. One has 3.6 sq ft of 
- filter area with a normal capacity | of 15 gal per min, and weighs about 50 Ib. — 
; The other has 10 sq ft of filter a area, a normal capes « of 50 gal per - min, and. 7 
Weighs a about 350 Ib. The filter unit includes the slurry feeder, with 
Ss valves and fittings for attaching a hose and | pump, the pump being a separate — 
" item. The pump and engine weigh about 60 lb.- The smaller unit is expected - 
/ to take the place of the portable sand filter and treatment section, weighing 
together some 800 Ib and rated at 10 gal per min. The larger unit is engediad a 
to replace tl the sand filter unit, rated at about 75 gal per min and weighing sor some a 
tinues: to receive the it deserves and apparently ‘considerable pri progress is 
made in this field. At the Fall Meeting of the American Chemical 
— Society a symposium was conducted on corrosion control in industry and i in- ., 
- formation was presented on the effectiveness of polyphosphates, chromates, — 
=: and sodium silicate, as well as the common alkalis. 


“methods of corrosion control in the water supply systems. of camps a: and canton- — 


Eye throughout the country were described. © Approaching the same subject paar 


FTE 


from another angle, considerable study is being given to the application of ve a 
plastics and other materials for use as protective coatings on metal surfaces “4 


exposed to the corrosive action of water. The importance of this problem to a 
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nt The ons two years has seen the ‘completion of a report (1943) anda ‘asupple- 
- Ls mentary report (1944) by the Depreciation Committee of the National Associa- 
tion of Railroad and Utility Commissioners (commonly abbreviated | to 
NARUC). These reports” unequivocally recommended straight- line age- 
depreciation based on original cost. . The -Teports were opposed by a com- 
mittee of the Society, committee of the American Water Works ; Association, 
and several utility groups. In general opponents ¢ disagreed with the ‘Sstraight- 
line method and with the recommendation to correct by charges to surplus the 
deficiencies in depreciation reserve resulting from si nking fund or observed 
depreciation methods w hich had been approved by commissions and courts sup 


7 N NARUC body i in n November, 1944, oud failed of approval —sahin narrow 
margin. - substitute motion to lay the reports over with privilege c of amending 
was passed. ‘There may have been some element of states rights in the vote 
as the membership of NARUC Depreciation Committee was to a considerable 
extent from federal commissions. There is now a period of perhaps eight 
months in which those who would amend the reports may get their ideas into 
concrete proposals as distinguished fi from criticisms. 


ae ‘The NARUC Depreciation Committee felt itself on firm ground on on account 


— recent decisions of the U. 8. . Supreme Court, particularly that i in the Hope_ . 
a Natural Gas Company | Case. The decision in this 5 case, handed down on ; 

7 _ January 3, 1944, is generally regarded a: as marking a turning point i in regulatory 

4 practice, although there isa tendency ¢ on the part of some law} yers to wait for a 

confirming case where the utility might be financially hurt by a ones — 


which inthiscase was not true, 


‘The Hope Natural Gas Case came to the Supreme Court “_ an aie * 

_ the Federal Power Commission from a ruling by the U.S. Circuit Court of 

“tas - Appeals, which had set aside. a Federal Power r Commission o order— requiring 

the Natural Company to make a substantial cut in its wholesale 
rates—because of failure by the Power Commission to consider certain elements 

as cs of fair value. The Pow er Commission had predicated it its order on a 63 a 


‘return on a rate base of ‘ “actual legitimate c cost,” and the company had con- 
7 tended for an 8% return ona reproduction cost, 100% greater than the actual 
cost used by the Power Commission. The Supreme Court reversed the ruling 
Ye e the Circuit Court of Appeals by : a 5-3 decision, which is highly significant 

Thus, the Court decided that —_—e reviews, under claims of confisca- a 
tion, , will not be allowed merely because a ‘regulatory commission has: used a 
rong method, without demonstration by the utility “that the total 
effect,” or “end result” will seriously affect its financial integrity. 


The Court did not ‘directly overrule the finding in Smyth aad: that 
fixing of rates requires consideration of a number of 
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This retreat from the | judicial review, which has been available to utilities 
since the Smyth vs. Ames Case (1898), obviously leaves unprecedented power 
_ in the hands of regulatory commissions. — The immediate effect on public 
utilities will depend largely on their location, as U.S. Supreme Court decisions 
are not binding in states w where statutes govern commission proceedings in 
intrastate rates. At present, the written law in about one half the 
states permits commissions to use their own methods of determining the rate 
ase; in nine states the commissions must find “fair” and ‘ ‘reasonable” values; 
in nine states the commissions are required by law to consider reproduction 
cost, but not as the sole yardstick of value 
_ The Hope Case, however, , expressly r reverses the ruling in United Railwa ays 
& Electric > Co. vs. West (1930) to the effect that annual depreciation ‘and rate- 
base» value. should be predicated upon a consideration of reproduction 
= apparently federal commissions and state regulatory commissions—not 4 


otherwi ise controlled by state law - isregard reproduction cost 


INFORMATION IN THE WaATER-WorKS FIELD 


Wat ater Supply of the Armed Forces in , Africa. 
Africa was nearly all from w ells having ¢ a high concentration 0 of salts. alts. The — 
i City of Oran, with a population of about 400,000, uses water w ith a sodium 
r chloride content of 3,000 ppm to 4,000 ppm and a hardness of about 1,350 ppm. | 
Tests showed that American troops could drink water with a salt content up 


to ater was scarce and it was “necessary place the 
allowance (gal per 
Capita per day) 9 


Drinking and Cooking: 


All 
4 “All Purposes: 
_ Hospitals. 


other users...... 


In cases where water- borne sewerage was approved. . : 


After W orld War I, similar conditions were found many places in France, 
“except that salt w ater was not 
of Leakage from Water Systems.— Dewey ey Johnson estimates 
r that the 14,500 public \ water r supplies pump needlessly each. year about 4 billion — 
= gallons. of water daily at an estimated annual cost of $170,000,000. ae : 
a _ Wi tre Wound Standpipes. —A process of pre-stressing concrete in a aie: 
“pipe by tight, ‘machine- winding of wire and subsequent protection of the wire 
3 an exterior coat of mortar has been used. = This — to be the same 


as in wire-wound concrete pipe. 
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WATER ‘SUPPLY ENGINEERING 


ae plant it was found that settlings from coagulated water ould be removed much 
“more easily when powdered activated carbon was used in the coa coagulated water. 
Calibrated Velocity Head Rod for Measuring Stream Flow— —Two engineers 
“of the Forest and Range Experiment. Station found that a calibrated rod placed 
“jn a stream could be used to measure velocity head by the height of water 
against the rod and flows thus determined with good accuracy. . [Committee ; 
J Note—One of the members has used this method 1 occasionally i in years past. | 
Radio Channel Allocations for the Public Water Supply I ndustry. Sep- 
tember, 1943, a “Radio Technical Planning Board” was organized by several 
associations within the Radio industry. A committee of the American Water _ 
7 zm Works Association worked in conjunction with this Board, assembled data on 
= the radio needs of water supplies, and participated in a hearing i in September, 
1944, before the Federal Communications Commission. The Commission’s 
iS "findings are not known. to the Committee « on Water Supply Engineering. a 


W. Brush ‘THomas H. Wieern, Chairman 
Committee of the Sanitary Engineering Division on 
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COEFFICIENTS F FOR VELOCITY DISTRIBUTION 


IN OPEN- CHANNEL FLOW 

WILLIAM S. EISENLOHR, 


S. -EISENLOER, Assoc. M. Am. Soc. C. E.15— thesis of 
be paper, as given i in the ‘ “Synopsis” and “Introduction,” ? is that there a are 


mean The Chézy and ‘Manning equations are equations. 
‘Thus, the coefficient of velocity distribution should be the ratio of the mean 
: of the squares of the local velocities to the square of the mean velocity. ‘That 

the several discussions of the paper, although critical, have 1 not successfully ’ 
this thesis will be shown, To do so, hower ever, ‘it will be 


to clarify some of the original 
a 4 ‘First, it is necessary to include the concept embodied in , Ba. 27 given by 
| Professor Van Driest and derived from the paper by B. A. Bakhmeteff, M. 
_ Am. Soc. C. E. _ Somehow or other, in preparing the paper, the writer lost a 
- sight of the concept that there is an energy equation involving the square 


Telation as well as one involving the cube relation of the 1 velocity. Since the 


- difference between momentum and energy no longer is sufficient to account for _ 
the use of different coefficients, it becomes to redesignate the 
“ coefficients as follows: C, (formerly Cm) = —= : coefficient of velocity distri- 
bution based on the second power of the ae for use in ‘space equations; 


4 and C, (formerly C <= velocity distribution based on the 


third 
the use of the letter C with « subscripts, . that of | the Greek letter a, § since the © 
on Norz.—This paper by William S. Eisenlohr, Jr., was published in January, 1944, Proceedings. Discus- a 


3 Sion on this paper has appeared in Proceedings, as follows: April, 1944, by A. A. Kalinske, and Edward H. 
avers and September, 1944, by E. R. ‘Van Driest, and Hunter Rouse and John §8. MeNown. oD 
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‘Discussions 


EISENLOHR VELOCITY DISTRIBUTION 


= er cannot be made on an ordinary typewriter and is difficult to make 4 


an The writer stated that the condition of steady, gradually varied flow w gg : 
assumed Perhaps this point should have been given more emphasis. is. 

7 steady flow is meant that there is no variation in the conditions of flow with 
= to time. Gradually varied flow is a condition of flow in . which the 


convergence, divergence, or curvature of the stream tubes occurs so gradually 

that consideration of the stream tubes as parallel will introduce no appreciable 
_ error. _ In other words, the assumption is made that the vector velocity v can 
be replaced by u without appreciable error. (A similar assumption is alway: s 

a in computing the slope S, the quantity tan @ being used for sin @.) 

ae Sa Having made this assumption, the careful distinction between the two made 


Messrs. Rouse : and McNown is without significance and somewhat con- 


fusing. This assumption 1 also | gives the element of direction which Professor 
—s With the foregoing a assumptions always i in n mind, the ec equations for ldicadad 
—— flow in open channels will be developed. _ The basic equation is the 
-momentum equation expressing Newton’ s second law of motion—the rate of 


in which Fz is the resultant force and v is the vector By assump- 


tion of gradually varied flow, the velocity component parallel to the z-axis, u, 


ean be substituted for - vw ithout appreciable err or. Thus, the resultant force 


must be parallel to the z- axis and must be equal to the sum of the components 


2. n the z-direction of all forces acting, ie Ta = dm oe will de- 


scribe the change in momentum “completely. Substituting = a 
aL ~ 2aL the m momentum equation 


«gq. 41a is a momentum equation but the rate of change of momentum is | 
. expressed i in terms of distance L rather than i in terms of time t. As stated by 
Messrs. Rouse and McNown, is a function of L, and Eq. cannot be 
integrated rigorously without taking that relation into consideration. _How- 
en. it will be shown : subsequently that, if the acceleration is assumed constant — | 


a (or the equivalent of. using the average force 2dF,dL stated b y 

reasonably ¢ close results for gradually varied flow will be 
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EISENLOHR ON VELOCITY DISTRIBUTION A 


in energy y of the mass 
_ Whether Kq. 41a is transformed into Eq. 416 by transposing dL or by | 


ve 


multiplying both sides by aL, the result is the same—a vector force is = 
by the distance through ‘which it acts to give . the scalar quantity of work 
Likewise, the right side of Eq. 41a has the dimensions of the rate of f change of of — 


momentum, which is a vector uantity. ty. Whether the vane: 


is multiplied by L, or or the divisor L is s removed, the result i is Me Le ', the dimen- 
sion of energy, which is a scalar ie 3 There i is nothing novel in such a 
procedure. _ In fact, it is the standard derivation of the work-energy equation. 
not except in the differential form. 


‘If both sides o of Eq. Bg. are divided by dt: ar, ae 


= 5dm the of Eq. Eq. 3b. 


| Eq. is frequently called an energy (as was Eq. 3 3b i in 
paper); but, 


time, it w ill designated the power to distinguish it 


_ From the three basic ic equations: of momentum, energy, and power, the t three 

| de- equations of nonuniform flow in an open channel will be derived. Considering 


oO Eqs. 41a, 41b, and 41c, the coefficient of velocity distribution seems to | be 


ra - based on the square relation in the momentum and energy equations and on. 
saa the cube relation in the pow er equation. — This theory will be shown to be | 
i thes simplest w: way to obtain iecatie equations for the entire channel would be 
41a) tolet dm = p dA dL and then to perform the double integration with respect 

‘to Aand L. To avoid calculus, v where possible, 
m is and at the same time to give emphasis to the | 
d by physical significance o of the equations, ‘the mass : ay! 
the will be taken as the entire mass of the stream — 
low- tube p p dA, in which L is the length and dA 
tant is the average value of the cross section. by _ Thus, 

equals the volume of stream tube. 

Such a stream tube is shown in Fig. 5, the in 
boundaries of which are fixed in | space. . Inthe paper it was found that ‘select-— a 
ing a volume of y w water and following the change i in energy inthat volume with ‘4 
respect, to time did not yield practical resulte; such will 1 not 
given further consideration. “gs 
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on ON VELOCITY DISTRIBUTION 


steady flow, each 
Ss particle arriving at ba given point will have exactly in same momentum or 
oy energy possessed by the particle w hich just left that ;point. As a 4 result, the 
total momentum or energy contained within the stream tube will be the same 
at every instant of time. During any interval of time a volume of water dB 
will flow out of the stream tube, and by the continuity of flow an equal volume > 
aB will flow into the stream tube. Thus, the total change in momentum or 
energy. of the water - flowing through the stream tube during a given interval 
will be ——— by the difference hascaaue the momentum or energy of a 


tube and the momentum 
energy of a similar 
volume entering the oral 
The three equations of 
can be developed as 
follow Ss. 
Revised 
he. omentum 
stration the effect of the 


considered ‘The rate of change 


Por the stream Fig. 6, the pressure are, as before: 


in which the first two on the 1 pressure forces on 
ma end areas and the third term represents the component in ad direction of 


is normal to the divection of flow and the term In 
wield flow, 1 Dn is still the normal p pressure on the side of the stream tube; but, 
by reason of the change i in area » the side e must 1 make a slight angle and pn an 
angle ts) with the direction of flow. ‘The p pressure force on the side of the stream 
tube n now has a component in the direction of fl flow equal to pn AP, dh cos ¢. 


The total is then SS Dn dP; dL cos so; but Sfare dL cos equals the 


difference in end areas of the stream tube. — The pha a of Bri is s defined d by the 


relation: Pn (dAa — = -f Pa aL cos 


it is to Pa; Eq. 42a will be written in 

_@ more usable form by expressing the forces i in terms of the average area dA. 

~ ie quantity dA has such a value ‘that the total volume of the stream tube 
between sections Aand BisLdA. Let bea certain portion of the difference 


694 M 
at i 
_Although the stream tube is fixed space, the water particles at any point i 
— ig 
— 1 
— vy 
— 
, 
——— variation of dA with L will be fully 
— 
F 
——_ The pressure on any element of area along the side of the stream tube is WJ 
— 
— 
— 
— 


May, 1945 RISENLOHR- 4 

in end areas, having a value such that dA, =dA + ky dAg) and 
=dA — (1 — ky) dAa — dAz). Likewise, let pn ke (pa — PB). 


Substituting these values in Eq. 42a gives, for the pressure 


dA ky +k -1 dA, — aA ‘(42 
gravity force aF, is y LdA sin @, and the resisting force i is dF,, 
‘The change i in} momentum during a1 any interval, as explained previously, can be 
; "represented | by the difference between the momentum of the volume of water 


dB as it leaves t the stream tube : at section | B and the ‘omentum of an equal 


“volume of water dB as it enters the stream tube at section A. This change 

ean be expressed as pdB UB — B—p dB Since the resultant force i is equal to 

_ the rate of change of momentum, _ the volume dB in this case oriaand be the 
volume change | per unit time, dQ. Therefore, 


= ed 


Eq. 42c is identical with th the expression derived by Messrs. Rouse and McNown 
through their integration | process. In Eq. 42c, there was no need for integration 
because the total change in momentum for the entire length of stream tube L 


was wi used. Since the pressure forces are not amenable to practical application 
when expressed i in terms of dA4 and dAg ip, Eq. 42c will be written i in terms of ~ 


the average area dA. Let dQ =w'dA and UA + As (up — ua) (in 


which ks is some portion of the difference i in velocity between the ends of the 


= = pdA [ks ks) wa + 2ks) us up]... (42d) 


e average area of the tube dA: MOC 

Ps) dA + +k: —1) (pa — ps) (dAa—dAg)+yLdAsind 

= pdA [kes — (1 - — ks) wa + (1 — 2ks) us up]... 
42¢ i is s complicated by the proportionality factors kay and Is. These 


“that for gradually maa flow the values of Fang ks, and ks will be so close to 


05 that they can be assumed to have that value. je “Makin 
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e€ 


which is identical with Eq. 6 exce pt that the area of the stream tube is definitely of 
labeled | the average area. The only ‘assumption is ‘that the average area, 


as: in 

_-pressure, , and velocity are the averages of the values at the end ar ap 
The term dA is the equivalent dA, B les 
The same answer would t be obtained if d’Alembert’s principle of reversed | 

force” were used, and the momentum | changes were represented by F 


pressure forces equal to the velocity heads. These pressures on the end areas, 


{ 
2 


of course, are dA,g and ) dAg; but the ‘average pressure on the di 

difference in end area must also be considered and, when it is included, the 7 
result is the same as Eq. 43, | 
a _ The integration of Eq. 43 with respect to A yields Eq. 7 as — and f 
9 9 to 12 remain | unchanged. symbol total boundary 

‘shear : and i is 's usually assumed to ~~? the product of the average unit shear and § 

4 the area of the boundary. _ Professor Kalinske has stated that such an . assump-— | Be: 

tion limits the. length of channel over which the expression is valid. On the © 5 

other hand, the length of channel must be > long enough» that the effect of 
shear can be measured with reasonable ac accuracy. Although these 4 
conditions limit the application Eq. 9a, the ‘principle involved i is the 
‘mentum theory of external forces that are acting, and the substitutions made 

in arriving at the Chézy and Manning equations are empirical expressions for 7 


boundary shear. As Professor Rouse has stated!* for the Manning equation, — 
“The factor n is ‘evidently a measure of boundary roughness, since it is invari-_ 
ably tabulated solely as a function of boundary composition. ~ _ Furthermore, 
Robert Manning’s s studies leading to the development of the “Manning” 
included results of experiments on the Hayne (Belgium), “Parana 
(South America), and Mississippi rivers; and ‘modern tables of values of n 
- almost always include values for natural streams. The statement it by Messrs. 7 
Rouse and McNown that “Actually, the [familiar resistance] equations in 
question have been derived solely for the case of uniform flow * * *” thus 


a Revised Development of the Energy Equation (See Heading, “ Development of — ; 


the Power Equation” for Revised Development of the “Energy Equation” of the 
J Paper) — —The change in kinetic energy represented by the difference betw« 
the energy of volume dB, as it leaves the tube at section B, and the energy of 
an equal volume dB, as it enters the stream tube at section A, is the result of — 
the work done by all forces acting on the tube during the same interval of time. | 4 ¥ 
Since work is a scalar quantity, the total work done is the algebraic sum 0 ofthe ff. 


of force times in the the force. ‘The 
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EISENLOHR ON VELOCITY ‘DISTRIBUTION 

work done by the pressure forces is the sum of the pressure force on neach - 
bounding surface of the tube times the distance of movement across that : 
surface in the interval of time considered. Since there is no movement across — 
the sides of the tube, the only work done by the pressure forces i is on the ends 
of the tube. To visualize this. work, assume the stream tube to be separated 


in space, as i in Fig.7. The water 
‘approach the tube as a filament of - 
uniform cross section » dAa, and will 

leave with a uniform cross section, 


If the volume passing through 


zi 
‘the tube in a given time interval is Fare Bopy Suow- 


8 ina Work Done By Pre E Fo 
defined as dB = s4 dA, = sg 


(sa dAa = 8p dAp) 


direction of flow, the dL of Eq. 410), the total work done by the pressure forces — 


is pa dAa 84 = pp 8p. 
i The total work done by the _— force is equivalent to the weight of 


volume dB times the distance | volume dB moves in the direction of the gravity 
force while being ‘moved from se A to section B. This distance is the 


difference in elevation, Ga- Ze. The work done by gravity is therefore 
The change energy, of course, is 
ave the stream 
tube, work is done by the 1 water in the tube saainak the shearing force at the be 
sides. | There i is also a dissipation of energy as heat from | the turbulence set Pia 
up by the resistance ‘of the sides of the tube.’ The net result of these effects 
isa loss of energy within | the tube that, for convenience, will be expressed as ; ; 
a loss of potential energy dB hz, in which hi is the energy lost per unit: 
weight of water passing through the stream tube, usually referred to as the loss 3 


of The work-energy equation is, then: 


84 — pe dAp sp + dB (Za = Zs) - — 7 dB hi 


adAg + y hi aB. 
re must be remembered that i in Eqs. 44 the change i in energy of the volume © 


BB during the displacement from A to B was used as the equivalent of es 
change i in energy of the stream tube during the displacement s. Inintegrating _ 


“over the cross section, therefore, the volume B obtained i is that resulting from ao - 


s of mass of entire stream between A and B (see P 
Hence and sg are both constant. 
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the integration, ating use of the coefficient C, ‘Previously 


defined, and letting = hy @B (in which hy is the average for the entire 


stream of the energy | lost per unit weight | because the stream passed over the 
y length ‘of channel L), the following expression results, after dividing by the 


—_ Development of the Power Equation. _—Power is the time rate of doing work. 
To obtain the power equation it is only necessary to divide the work-energy 
formula, Eq. 44b, by the time interval At during which the volume dB entered 


or left the s stream tube. Since s is a small distance, —— = u. _ Performing the 


At 


©. 


Integrating Eq. 45a with respect to A by making use of the a 


_ previously defined, letting hk = > In u dA (in which h, is the he average for for 

ye VA A, 


a - the entire stream of the energy lost p per unit weight per unit time because the 


a _ stream passed over the length of channel L), 2 and then dividing by the —_— 


> per unit time, 


Comparison “Equations —Three ‘equations been developed for. 
un 


gradually varied flow in open channels as follows: = 


Momentum 


| 


er to emphasize the fact that the equality exists only under certain “specified 
gonditions and to‘aid in the comparison with the energy formula, Eq. 46). 
i In the following discussion it will be assumed that the conditions of f gradually 
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at Eq. 46a indicates that the momentum entities can be put i in the form of 
the Bernoulli equation only by making restrictive Therefore, 
“the statement made in the ‘“‘Summary”’ of the paper that ‘* * | * the Bernoulli 
- equation is also a momentum equation * ar appears to Se: erroneous if the — 
Bernoulli equation of ordinary hydraulics i is considered , despite the fact that 
- least seven modern textbooks on hydraulics and fluid mechanics give the 
- derivation based on the rate of change of momentum as one proof of the 
Bernoulli equation. Examination of these textbooks discloses that in only 
one is any consideration given to a variation in cross-sectional area and that 
one!” disposes of the variation in &@ manner somewhat similar to the writer’s — 
original dev velopment. In uniform flow there is no variation in area and 
— eonsequently no change in velocity; thus, the velocity inane cancel out of the 
- equation. | Obviously, the Bernoulli equation without the velocity terms is 
not the Bernoulli equation. 7 Furthermore, in applying t the momentum theorem 
to local phenomena (the hydraulic j jump, for example), approximations cannot 
be made that are valid for gradually varied flow, and the | similarity to the a 
Bernoulli equation becomes more remote. Therefore, it is not proper to 


derive the Bernoulli equation of ordinary hydraulics from the momentum 


The similarity of equations derived by the momentum and energy principles ‘a 


‘has been emphasized to show how Teadily the two can be confused, — Thus, Ps 
by 1 rearranging Eqs. 46a and 46b, the following ¢ expressions are obtained: 


Each term i in Eqs. 47 has the dimension of length. Therefore, as hin. 
the right sides of the two equations are identical. . However, these lengths © 
represent different physical quantities. The lengths i in Eq. 476 represent the 
: ‘usual energy p per unit 1 weight because ‘they were c obtained by dividing the 
"energy equation by 7 B, the Weight of water passing through the reach L. 
On the other hand, the ante} in Eq. 47a represent force per unit area a because 
they were obtained by dividing the momentum equation by ¥ AL The signifi- 


cance of the equality of the right sides of the two equations i is that, for condi- 
- tions satisfied by Eq. 47a, the loss of energy within the stream is the result of : 


ee The principal | distinction between Eqs. 47a a nd 47b is that the latter i is 
| “Figorous because it is the definition of the quantity h, and i As not necessarily 


limited to gradually 1 varied flow, whereas the former defines the resistance to 
“flow as the boundary shear for the specified conditions of flow. _ Since ‘the 


length g given by the right side of Eq. 47a is ; defined as h, in Eq. A7b, it is per- 

im to write ——— = h, as long as h, is considered as a length only. If 
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mplies that js to an aultiplied by y B and this 
would make the expression I scieinaaiaiinnin: since there is also the implication 
4 that the left side is to be ‘multiplied by y In other words, , making approxi-_ 
es _ mations that involve little error and writing the momentum equation | in the 
mea 8 of Eq. 47a (the right side of which is identical with the energy formula, 


& 47b) do not make Eq. 47a an energy equation. 4 Such a procedure, however, 


is apparently what Messrs. Rouse and McNown visualize as a basis: for the 


“The customary loss of nonuniform flow: 


~The coefficient of velocity distribution is ¢ tid the 1 ratio of the mean of the 
“squares: of the local velocities to the square of the mean velocity. Further 
a examination shows that both the resisting force and the energy lost are related 
zi to the length of channel L without consideration of f the | time factor. The 
therefore, is the proper coefficient for use in space equations. 
ee _ Turning to the relation between the energy and power equations, it will 


"perhaps be simpler to show the difference by using an illustration. Consider 


velocity, distribution ‘will be very uniform and n no appreciable e1 error wilt be. 

= C; = 1.00. This 

“4 particular condition 

ie chosen to simplify 

the demonstration. 

“Suppose a 


pat 


Datum the stream channel is 


Fre. 8.—Prorine Diacrau complex and t the value 


“of Cel is 1.6 (which i is considered reasonable for a complex natural channel). 
Conditions will then be as shown in Fig. 8. 


eee In the development of the energy equation, hy was defined as the a 


from wad it “appears that the quantity Z+ 


a ‘unit water passing section. Since 
e elevation of the water surface, the point plotted a a distance 

i, a= above the w: water surface i ina sein diagram s such as Fig. 8 must represent 
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ON VELOCITY DISTRIBUTION 


flow the content line will not change with its 
becomes the “‘energy gradient” when this term is defined as the rate of loss of 


_ energy per unit weight per unit length of channel. The distinction between 


la, “energy content line” and ‘energy gradient” is only in the case of 
he ie the same way the power equation can be written in the form (compare 
the + Z + is the average energy per unit weight passing 
he section per unit time, or the power at any section. Likewise, in a profile. 
“diagram such as Fig. 8,a line plotted a distance Ci — above the water surface 
he § will be the ‘ e “power content line’ ” which for steady flow has a slope: that repre-_ a 
 F sents the av average loss of energy per unit w weight per unit time per r unit length | 
‘ill: _ of channel and i is the “ “power gradient.” 
ler ba Thus, Ie is the ; average energy lost “yh the stream for t overy pound of water : 
he h the reach fro on j 
be energy lost per second per pound of water ps passing ‘eons the reach. ~ Although ; 
ng § h, and hy have different numerical values, _they represent t the ‘same physical } 
his | quantity—energy lost by the stream in distance L. Therefore, it should be | ‘ 
on “possible to obtain h, by multiplying by t, the average time needed for a 
ify Pound of water to pass: s any section. To do this, since both hy and t vary for 2 if 
yn. each stream tube, | the multiplication must be made before integration a as in the 
coefficient of velocity. distribution for use in the power equation (w here 
me “the loss of energy per unit time is considered) is Cy the ratio of the mean of of the 96 
om cubes of the local velocities to the cube of the mean n velocity. —— 
ns, The use of the energy or power equation is largely a matter of i In 
lis ff the case, coefficients for loss of energy will be determined experimentally by 
lue = the equation selected. There are certain considerations that affect the 
nat choice of equation. — Since the total loss of energy depends on the volume pt 
sl). passing | any cross section, the most convenient volume to use is Q, the volume if: 
- per unit time. is leads to the selection of the power equation and (since — 
it ti . This leads to th lecti f the we’ ti id (since 
age power is s energy | per unit time) the frequent designation of the power equation > 
tthe energy equation, 
me: 7 te. may be two objections to such a procedure. — In the first place, even 


‘ Ben the energy equation or the power equation is the logical choice for the 
~ solution of a given problem, the effect of friction will usually be ere by _ 
“the use 0 of the Manning equation or the Chézy equation. iy Since these are 
Sr equations and only the energy equation uses the same velocity 
distribution coefficient, the energy equation may be m more suitable for 


general use than the power ‘equation. ‘Secondly, the velocity 
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EISENLOHR ON VELOCITY ‘DISTRIBUTION Discussions 


will three times caused by them i in the 


energy equation. To avoid confusion it is suggested t that the name “Bernoulli 


equation” be used only i in connection with the flow through a single s ‘stream 
tube or t through a channel with uniform velocity di distribution. Bay ny Nat: 4 


as great as 1.2 and 1.6, respectively, a can vary quite rapidly from section 


to section. _ This paper has been presented for the benefit of those engineers 7 


_who find themselves confronted w ith situations in which velocity- distribution | 
coefficients must be considered. - In closing, the writer desires to thank all 
those who offered discussions. ‘The critical comments led the writer to make 


such extensive revision of the paper. He hopes the result, will be found 
sufficiently rigorous and ‘suitable for explaining some of the confusion on the 
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H. B. KINNISON AND B. R. 


H. B. Kinnrsoy, “2M. Am. Soc. CE, AND B. R. Cotsy, ® Esa. “0_The 
excellent discussions of this p paper are deeply : appreciated, and they. strengthen 
the writers’ belief that the study of the frequency and ‘magnitude of floods 7 


¥ should have the best efforts of 1 many hydraulic « engineers. - Although records 

| of stream flow are much more numerous than they were only a few years ago, - > 

they still are inadequate for most types of investigations; and, therefore, 

of opinion and divergent results are to be expected. writers 


formula and the writers’ states that “No matter ord 
involved any preferred procedures, the results are readily translated into to terms 


af Myers as demonstrated by Table 2 The form of the 


“cedure arrives a value of Q into a percentage rating, as s the percentage 
‘tating becomes the only unknown. However, the very fact that the percentage | 
_Tatings i in Table 2 show 80 wide a variation ie a flood of a given magnitude i is 
an indication of the limitations of this type of formula. For ‘instance, for 7 
an, ‘rare - floods,” the percentage rating varies from 5.4 to 51.0; and, in relation Fe 
to the highest observed flood, the “rare flood” varies from 81% to more than 
300% for those streams having more than 10 y years of record. The engineer 
4 faced with the problem o: of choosing a reasonable percentage rating for a partic- ; 
ular stream must ‘seek another procedure rather than the Modified Myers 


= to properly evaluate the flood-producing characteristics of that stream. 


‘ 
ti 


Nors.—This paper by H. B. Kinnison, M. Am. Soc. C. E., and B. Colby, was published in 
_ March, 1944, Proceedings. Discussion on this paper has appeared i in Proceedings, ollows: June, 1944, @ 
4 by Clarence ’s. Jarvis; September, 1944, by L. R. Beard, _ M. J. Ord; October, 1944, by Howard M. _ a 


Turner, and Byron O. McCoy; and November, 1944, by Cc. 0 . Clark. 
Dist. Engr., U. S. Dept. of Interior, Geological Survey, Boston, Mass. 

Associate Engr., U. S. Dept. of Interior, Survey, Towa 
2 “« Received by the Secretary April 7, 1945. “wipes 
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KINNISON AN AND ‘COLBY ON | FLOOD FORMULAS 

‘Unit a os of streams with the same . drainage area show wide divergence 

in peak discharge, though the basins may be adjacent: to each other. 

| The wr riters’ formulas were developed i in an attempt to evaluate the effect of 

those physical characteristics which cause so much divergence in the flood 

- a In Table 2, Mr. Jarvis has given the computed peaks of the minor, major, 
rare, and maximum floods in percentage ratings based on the Modified Myers - 
‘tema. He concluded from this table that the maximum flood peaks are _ 

too high . Mr. Clark states that they are probably too low. The maximum 
= — flood ‘peak as defined in the paper has an infinite recurrence interval, or a 
of occurrence approaching zero. It is a computed peak Tepre-_ 

senting: the upper limit of possible peaks. Because ratings computed from 

the Modified Myers formula hs have been | derived a almost entirely from observed 

- flood peaks or for peaks of probable c or design floods, ratings computed for 
maximum peaks will naturally seem to be very high. “a maximum peaks : 

in Table 2 that have percentage ratings greater than 90% are not inconsistent — 
im with the other maximum peaks. _ They. are all of the same order of magnitude “ 


in that they have the same periodicity. The largest percentage f for a 4 Maximum 


peak “(right- hand half of Col. “, ‘Table 2) is only 8.1 times the smallest p per- 
for a maximum peak; but the largest: ‘percentage for a minor ‘peak 


» ff ‘Mr. Jarvis means that the maximum probable flood peak should be 

about (150% of the rare flood peak, the writers a agree that this would be a 
ec assumption. As stated in the paragraph preceding the heading, 

“Physical Characteristics,” the peak discharge of the maximum probable 
summer flood might_ be “about ut 45% of the ‘peak discharge of the maximum 
_ Mr. Jarvis found from his uneigale that the formulas should not be applied 
to basins having characteristics that differ w idely in any important physical 
 hamtatein from the basins used in the study. Ef This limitation agrees with 
the stated conclusions o of the am. _ They ai are indebted to Mr. Jarvis for 


ad In his ¢ criticism of the factors included i in | Eq. giaenm Jarvis has misinter- 


— his criticism 1 of the the use of L and a in Eq. 6 is not valid. _ The effect of the 
characteristic L on computed flood peaks must be considered in relation to the 
changes i in other characteristics which are normally associated with changes 


in L. Similarly, any variation in 1 the pondage factor a is invariably associated — 
: with changes in the slope factor s, and usually w ith | changes in L, at least in : 
central New England where the formulas are considered applicable. gta! in of 


— Entirely different formulas ‘might have been developed on the basis of 
Mr. J Jarvis ’ assumptions. How ever, the writers preferred to develop formulas 
from relationships which were indicated by the basic data, ‘and which fit the 


report of the study on which the pap paper was based (see “Ace 
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adjoining areas. ‘When | the paper was for wider circulation, 


of the floods of 1936, and 1938, should howe 
so that any one not familiar with these floods on Massachusetts streams would 
r, ~ not have questioned the fact that these were greater floods than would normally 

during the short period covered by gaging station records. 

“Mr. McCoy’s observation that the exponents and coefficients in the formulas — 

- should be consistent for different classes of floods is a logical one. In ‘deter-— 

sang the effects of the various characteristics, each of the four classes of 

‘floods was considered separately, and correlations indicated by the basic data 


On 


a ere used without adjustment. — The writers felt that, because of the limited 
knowledge of the influence of each characteristic, complete dependence should ; 


placed on the basic data. Bi 


| 


n 


_ Mr. Beard and others question the accuracy of curves C and D in Fig. 7. 

These curves are not well defined, but they are based on logical extensions of __ 
| 3 the available data. Discussion of the derivation of these curves was considered 7 


ct 


a rw too lengthy to be | given in the paper. ~ How ever, it should be understood * 


precipitation in the from 5.6 in. to 6.0 in. the was oxpremed 
the nearest tenth of an inch) was found to have about one chance in seven of 4 
generating less than 1.0 in. of runoff. Under extreme conditions of precipita- te 
tion falling on snow cover, precipitation. was assumed to have less than one — 
chance in one thousand of generating more than 10 in. of runoff. nent 
Depth of runoff was not determined solely from curve D which was based 


directly on incompletely defined relations between rainfall and runoff. The 
4 basis for the depths of runoff that were finally used is stated in the | ‘Paragraph 
preceding the heading, ‘ ‘Maximum Flood Runoff.” 
a Table 3, Mr. Ord lists the n minor, rare, , and maximum flood peaks se” 
percentages of the major flood peaks. 17, showing a curve drawn through 

x, the average “percentages for each class of food. peak, is ; interesting g and could 
be used to compute flood peaks having other recurrence intervals after Loni 2 


. major flood peak had been computed. 7 However, the writers do not agree 
that flood peaks computed. from this type of average curve would be as accurate 
as flood peaks computed from the frequency curves for individual drainage 
‘areas. Although most frequency curves for basins in the same region — 
~ should be approximately parallel when drawn on logarithmic paper, each one = 
is not necessarily parallel to all the others. ‘ Also, the use of an average curve 
_ seems to be inconsistent with the ° suggestion n made by Mr. Ord that the floods — 
of March, 1936, and of September, 1938, should have been given more re weight 
in the > study. nad ‘Figs. 1 and 11 1 show how difficult it would be to draw parallel 
curv es for the three basins if much emphasis | were given to the floods of Maash, = 


4 


Ord ‘states, s, ‘The percentages for the maximum have a greater 


‘variation, ‘then adopts doubtful assumption that those maximum 
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_KINNISON AND COLBY ON ‘FLOOD FORMULAS 

‘flood peaks are farthest from the major flood peaks, which Mr. Ord makes _ 
coincide. If the maximum flood peaks were made to coincide, the peaks of 

- the minor floods would have had the greatest variation. - Table 2 shows: that 

b 7 er ratio of the > highest t to the lowest maximum flood peak is mer than the 
corresponding r ratio for any other class of flood peak. al den ou de 

, ‘Mr. Clark and Mr. Ord prefer to make the unit hydrograph a direct basis 

- J for computations of expected flood peaks. That i is a logical procedure, and 
the study reported in the paper was begun on a similar plan, but that plan ¥ was 

soon abandoned. The computed unit hydrograph i is an imperfect foundation 
on which to build. aC As Mr. Clark states, the unit hydrographs obtained by 
investigators using different methods may not agree. For flashy streams, the — 
peaks of the unit hydrographs computed by the same person from several flood 


5 may differ: widely. Also” (on M Massachusetts streams 


a gt convenience of application, the correlation of computed peaks for edit ran 
of flood with the physical characteristics of drainage areas has the advantage 

of i insuring - at least a consistent computation and the use of unit hydrographs. a 

Also, the peaks of floods computed from unit hydrographs having sharp peaks ~ 

are ‘not as variable as the peaks of the unit hydrographs. to dt 
The writers were reluctant, /as is Mr, Turner, to assign numerical re recurrence 
ene to the different dene of floods because of the accuracy which 3 nu- 
merical intervals connote. However, adjective alone are ‘indefinite 

would have a wide range of interpretation. Also, ‘some assumption of 

recurrence intervals was needed for plotting. Hence, numerical ratings were 

as & means of precise definition only. ‘The computed flood peaks are 
aan of the | peaks of floods having the definite recurrence intervals. 
_ writers hope that the flood peaks will be understood according to these 

it should be ‘recognized that the formulas have beet détived f from a study 


of runoff from areas of less than 500 sq miles and have ‘not been tested on 
- larger areas. They should not be applied to drainage areas having significant 
- physical characteristics which differ materially from those on which this study - 
has’ been made, or to localities affected by storms of a different character than 
‘those in Massachusetts. - Computed flood flows should be routed vearefully 
© Shoah storage in the basin if the storage is extensive or is so located that it 
has an appreciable effect upon the flood peak. Before the formulas are used 


a ally"for for the e derivation of more satisfactory formulas for general application. 
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DISCUSSIONS 


unity By HILL, A AND Gan A. HAWAY tin 


Won 


Hrssert Assoc. M. Am. Soc. C. E. the request of 


. General Stratton, who has been assigned to overseas duty, the writer presents 


7,0, 


- the following reply to the discussers of the first paper in the Symposium. © a 
od would appear that the design of airfields constitutes simply the synthesis — 
of known elements into a structure of new form. a The problem is a a tontalising 
Berke in that, respect, for close study | shows that m many of the elements are also 
new, although seemingly familiar. It wi as General 8 purpose to 
reveal this point. The discussions have amply assisted 


Loads Newman presents a eraphic illustration of 


: in similar vein n. Mr. Rudolph asks when and. ‘where. the limit will be. The 
answer to this question is not now discernible. It does appear t that, ifairplane — 
| design proceeds on the basis of two main wheels carrying substantially the total 


load, an economic balance of some kind between cost and value of runways. will 
soon be reached. . In one instance, an estimate of cost for a single runway : and 


taxiways, proposed for a future heavy plane, was $7,000,000. Airplane: de- 
signers can extend the limit of total load, so far as it is governed by paving costs, ; 
by spreading the w veight on more shale, as Professor Casagrande suggests. 
Th doing so, it is necessary that soils engineers and pavement engineers be con- ne 
‘sulted so that there can bea thorough understanding of the effects of tire pres- ; 
‘sure, footprint area, and wheel spacing. The airplane designer’ 's problem, 
however, is to minimize the dead weight of landing gear in the interest of pay 
load. Landing gear | for the present heavy planes represents from 10% to 15% 


7 bi] 


- 


has appeared in Proceedings, as follows: February, 1944, by James B. Newman, Jr.; March, 1944, 
homas E. Stanton; April, 1944, by W. E. Howland, and David 8. Jenkins; May, 1944, by Williaa a 
Rudolph, Raymond L. Irwin, G. G. Greulich, Hibbert Hill, Jacob Feld, and Robert Horonjeff; = i a4 as 

, by Clarence 8. Jarvis, D. D. McGuire, E. D. Parmer, ’A. Casagrande, and Harry E. Cotton; Sep-— a , 
tenia 1944, by D. O. Murray, Thomas B. Pringle, John R. — W. J. Turnbull and William H. — 
levis, Ralph R. Proctor, D. M. Burmister, Ralph Hansen, H. V Pittman, G. R. Schneider, and H. M. > 
Williams; November, 1944, by Ira B. Mullis, and C. F. Izzard; and December, 1944, by L. J. Mensch. 


Col., Corps of Engrs., U. S. Army, Office, Chf. of Engrs., 
Me by the the Secretary February 20 20, 196s, belize od 


-Norz.—This Symposium was published in January, 1944, Proceedings. Discussion on this 
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SO as gross weight increases. The of this is 
concentration of loads on few wheels, with ‘resultant high pavement 
It has been suggested by Col. Bartley M. -Harloe that the great planes of the 
future m might be compared to ocean liners, not expected to be landed | under t their 
_ own pow er, but rather to be warped carefully. into position by tugs or by aerial 
Under this. conception, paved tracks would be substituted for 
wide runw me. Coenen new thought on the subject i is certainly i in order. Mr. 
7 Rudolph has suggested the possibilities of catapults, and rockets may be used 
4 - for the same purpose.” Both catapults and rockets would project the planes 
into the’ air. Similar means for landing them may be found in reversible 


ae In the same ve vein, the runway designer date be able to take all possible 

advantage of of the peculiarities of airplane traffic distribution in designing pave- 
Mr. Pringle has defined “capacity” and ‘ ‘limited” operation, as used 
ee the Corps of Engineers, to rate pavement strength and life. rf Mr. Stanton — 
has referred to the reduction i in pavement strength permitted by the limited 


‘number of repetitions of load on runways. 

4 eX. In his general discussion of the Symposium, 34d the writer also points to 


variations in ‘pavement thickness to meet the peculiar 


-The reality of high loads, as Mr. Cotta: is 
doubt. © The effect of these loads on the pavement, however, i is another ques- 
tion. - Numerous measurements of pavement deflections, ‘and a number of base 
ee and subgrade pressure ¢ determinations, have been made under static and moving 
= _ loads. _ These measurements, ‘made in the course of accelerated traffic tests, 
“all show a marked reduction in deflection under the moving load, and a marked 
reduction of subgrade pressure—that i is, an apparent. ‘epreading of the load— 
under the moving wheel as compared with the static wheel. These “results, 
coupled with the fact that no airfield pavement failures a attributable to oe 
_ have been. observed, have led the Corps of Engineers to conclude that allow ance : 
on landing impact stresses in the pavement design i is not w arranted. — ae Ts 
_ = Site and Layout.—It is unfortunately true, as Professor Haswell has noted, 
that soil and drainage seem often to be the last considerations i in site ‘selection. 
The swamp and power line criterion mentioned by General Newman may ‘not 
actually be contained in site selection instructions, ‘but the combination has’ 
occurred too often to be comfortable. _ Exigencies such as those discussed by 


-Lieutenant- Colonel. ‘Schneider, or ‘the need for a location within given boun- 


to be realized, in initial construction as well as in siiiemeantent, hon good site a 


selections are startling. The cost of —an esti- 

_ mated $7,000, 000—became less than $1,000,000 when the location was changed - La 
; to one having a suitable soil. In the case of military airfields, and particularly — 

_ 4b Colonel Hill’s discussion of the Syme osium was published in May, 1944, Proceedings, page 753, 4 


- before it was realized ne he would slo be be ca fled upon to prepare th the closing comment ir in General Stratton’s 
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in the | case of airfields for very heavy planes, sites | can be sought over a wid 


area. An additional 100-mile flight is a bagatelle for such planes, whereas the _ 
savings ¢ of time in ¢ construction and in construction and ‘maintenance costa, 
resulting from a choice location, are decisive. ‘There i is also the possibility of 
improved atmospheric conditions and, hence, of improved flying conditions, — 
which may be gained from the selection of sites within a wide area, ts 
_ General Newman has given a number of layout criteria for military air-— | 
fields. The criteria he gives are for training fields. Under operational condi- 
tions, with trained pilots, these standards may be: reduced. These criteria a 
“not fixed. _ They : are being studied in the light of past experience and i in the , 2? 
“light of the requirements of the newest planes. They will no doubt be con- 


-tinually r revised as airplanes | change and experience accumulates. The entire 


- question of requirements for airfield sites and layouts appears to offer s a fruitful 
— 


- drainage ¢ serve to emphasize « a , subject which General Stratton in no way ‘meant 
* to minimize. ‘Parmer cites a number of considerations of 


for continuous study. 


| ‘Feld states that qproditonanng are not impervious at joints and cracks and that, 
as & consequence, positive subsurface drainage i is necessary. “Such. drainage i is 
- automatic if base and subgrade are permeable. If base and subgrade are not 

permeable (the usual case), the damage is done before any feasible method of 
subsurface. drainage becomes effective. Either the pavement must be de- 
; signed t to carry the load under the w orst conditions, or it must be kept properly 
: sealed. The latter is a feasible course. 7 Mr. -Greulich fears that moisture 


accumulation makes guesswork of plate bearing data and California 
ratio (CBR) test information. oe The designs of the Corps of Engineers are based 
; on the important assumption | ‘that base and subgrade will become saturated 
by capillary action and condensation which cannot be controlled by drainage. 
The validity of this assumption is proved in general by available data, although © 
: serious doubt remains as to whether saturation | occurs in arid and semiarid 
“Tegions.. In this r respect, Mr. | Murray makes a very interesting comment on the 
entire absence of any moisture accumulation under conditions in Australia. _ 
me) In general terms, the function of drainage is to prevent the entrance of 
"moisture into load bearing areas of soil. _ The removal of rainfall by proper 
“surface drainage thus would be better practice, e, than, as suggested by | Mr. 
McGuire, the removal of rainfall, as ae water, by subsurface drains. 
_ with such drains has hoon po enon . If the drains are properly ¢ con- 
structed to avoid infiltration of the surrounding s soil, they quickly clog at the : 
: surface and thus become ineffective for removal of surface runoff. When wes 


failure of the pavement ; edge honeeion of infiltration of soil from ‘the ‘subgrade 
a or base course. . The drains, under these conditions, also are very likely to 
dlog, with consequent saturation of the subgrade by backwater. 
Cotton’s discussion. of backfill filters. for ‘subdrains is valuable. It 


7 


4a should be emphasized th that the e material i in | Table 10 represents a maximum size. + 
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Finer gradations, containing materials passing the 150-mesh sieve, will be re- 

_ quired for silt and clay soils. Filters should be designed to fit the foundation 

soils at the site. ». The design of satisfactory filters is discussed in in detail in the 
Engineering Manual (23),** and Karl Terzaghi, M. Am. Soe. C.E. , has 
presented a method (63) of design. 
Messrs. Cotton, Greulich, Haswell, and Feld have criticized the design of 

<_ drain shown i in Fig. 8(b). | Professor Haswell’s question as to the need for the 

natural earth backfill beneath the drain is very pertinent. Iti is no doubt best 
practice t to trench exactly to grade and to lay ‘the pipe on undisturbed s soil, thus. : 
avoiding tamping beneath the pipe » and the excavation required for. the fill. 

The placing | of the perforations upward, criticized by Mr. Cotton, is the result 
of mature consideration. With upward perforations, the hydraulic character- 
of the are believed to be improved; there is not the same 

ie - tunity for outward flow in areas where ground water i is below the pipe that 
- there is when the holes are downward; and placement of the backfill and filter 
tg is facilitated. Specifications require that the filter be designed to fit the local 

a soil conditions, so that the filter material cannot drop through the perforations. 
If the filter material could drop through the perforations, it could also be pushed - 

through the perforations by hydraulic pressure in Mr. Cotton’: 8 design. Mr. 

- Feld raises a very practical point of construction. He is entirely correct for  ~p 
the drain design that he discusses, but he does not consider filled shoulders, de 
which would introduce a somewhat different problem. His remarks also re- 
call the problem of drainage during construction. — This problem i is intimately 4 
related to construction procedures and is of such critical importance ‘that, in § Pp 
the writer’s opinion, the necessary procedures sh should be incorporated in the 
plans and specifications by the designer, and should not be left to decision i in a 

the field under the stress of construction exigencies. oh 


‘ 
Mr. expresses a a hope that: a clear and usable analysis of subsurface it 


can only echo the hope. ‘Such ‘an analysis i is 
needed. A beginning has been in the Engineering Manual (23), on the 
‘. * basis of available information, and revisions of the Engineering Manual will 


Base and Subgrade Requirements —Specifications for base and subgrade 


‘materials are intimately concerned with moisture and drainage, as Mr. Cotton | 
notes. Mr. Cotton’ on mn the value materials from this 


> 


and Parmer on the strength and compaction of such "Field 


ence is s rapidly accumulating to show that a a wide» variety of granular materials — 

can be compacted sa satisfactorily and that when so compacted these 
very strong bases, “relatively” or entirely free from ‘moisture troubles. 

e These properties are especially important i in the: foundations of runways to ~~ 
very heavy Such loads create important. soil stresses to depths as 


 _ 


in thus: (23), to items in the Bibliography at the ond 
the Symposium, and at the end of discussion in this issue. ut 
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7 
depths, as well as high shearing stresses at somewhat, lesser r depths. 
_ Recent field experience indicates that sands not fully compacted will ‘compact 
under traffic without shear failure and that moisture content is not critical. 
' On the other hand, tests (unpublished) by staff members of the Flexible Pave- 7 
ment Laboratory, U. S. Waterways Experiment Station, Vicksburg, Miss., eo 
show that the shearing strengths of plastic soils, including those “of soils of 
a medium and low plasticity, are very likely to decrease ‘severely up upon further 
- compaction under traffic and that, in such a case, water content is extremely 
critical. Ideally, of course, any base and subgrade should be initially 
mate density it will acquire under traffic. — Allowing 
. for a margin of error, ines and in view of the great wheel loads involved, = 
u use of granular nd subgrade materials provides a factor of 
‘Mullis’ remarks on the inadequacy of the “AASHO test are 
correct, for these. conditions. The modified test used by the Corps 
of Engineers results in a much greater density than does the standard test. 
_ It was found in tests at Barksdale Field, La., with a 50,000-lb wheel load, that 
a compaction of from 103% to 105% of modified AASHO density was required 
in the 17 in. of base material (to 20 in. . below the pavement surface) ; the com- 
paction requirements then decreased with depth to 90% of modified 
in the subgrade ata depth of 53 in. below pavement surface. 
ye It appears beyond question that the high densities and d deep compaction re-- 
- quired by airports will necessitate the development of new equipment for this 
‘ _ purpose, including the vibratory equipment foreseen by Professor Casagrande. 
The subject of frost effects, briefly discussed by Messrs. Casagrande, Feld, 
and Parmer, is most important. The reasonably satisfactory ’ treatments that 
have b been developed in highway practice require 1 reexamination and refinement 7 
‘in the light of the deep : and e expensive base construction required for airfield 
- toads. In this respect, again, the value of clean granular base courses, nob 
—— to frost effects, is reiterated. The possibilities of such insulating 1 ma- 


terials as Professor Casigrande mentions, and the possible advantage that can 
be taken of relative heat transmission coefficients, as noted by Mr. Feld, are 
appreciated. In the past, reliance has been placed or on natural granular ma- 
__ terials—in large part because these > materials have been available and further- 
more because of a lack of information on the behavior of other materials. 
_ Curiously enough, in areas of permanently frozen ground : mentioned by Pro-| 
fessor Casagrande, the principal problem is most often cne of avoiding inter- 
| Z ference with the natural ground-water regimen rather than one of maintaining ae 
a permanently frozen subsoil. For this purpose very y coarse materials 
Be vas Construction Practices.—The discussion by Mr. Pittman emphasizes the fact 
that design and construction practices must be coordinated to obtain a satis- 
4 factory job. He and Mr. Feld agree that successive lane construction of con- 
crete pavements is the best. practice. the writer’s « opinion, this method. of 
4 construction i is essential for good results, unless someone could guarantee that 
. there would be no rain! ‘The writer ake agrees that the usual loss of bearing 


= 


a ‘power u under thickened edges, resulting from excavation of the compacted base Ses 
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MILITARY AIRFIE Discussions 
~ material, is s likely t to offset the value of the thickened edge, a as noted by Messrs. 
Feld and Parmer. | The same excavation traps rain water during construction, 
also contributing to the loss of bearing. For these reasons, the Corps of 
Engineers has eliminated the thickened. edge as standard practice, except at 7 


— edges. and at the longitudinal | expansion joint at the center « of the run-— 


Emphasis has been placed on obtaining: compaction and base support 
under these edges equal to the design assumptions. 
lg Mr. Pittman ealls attention to a very troublesome design feature in 
those cases where the pavement is below ground level at the shoulders. Thus, be] 
ont pavement have to be in a broad Shallow trench. if 


‘construction and quite possibly after construction. © 1. In this case, design | and 
construction. sequences must each be directed toward providing | means of 7 
drainage during and after construction. Mr. Pittman ‘gives one one solution. 
aaa Mr. Pittman’s s remarks on winter construction arise from extensive experi-- 
ence. . Itisno doubt correct that concrete pavements can be constructed under 
conditions that would make construction of flexible pavements iene, 
- The writer believes, however, that, unless the need is pressing, as it has been | 


during V World War II, airfield construction should not be undertaken i in season 7 


“of unfavorable weather. In the case of such construction, 1, extremely ec conscien- 
“tious attention must be given to to the quality o of work, and delays must be ac- 
“cepted, to obtain desired results. Thus, an almost burden is placed 


: on contractors and inspectors. It may be remarked, also, that one disadvan- 

i tage of concrete is that it can be placed on.an unsatisfactory base, to look well ‘04 

on the surface but in fact to have nowhere near the load supporting value de ties 

_ templated in the design. _ The base for flexible pavement must t have strength | Pre 

enough, at least, to p permit rolling of the pavement surface! str 

Mr. Proctor advocates compacting the soil to about a foot above grade, ‘the 

then trimming this. foot off to reveal a fully compacted surface. In the last fut 

_ analysis, the question of how to obtain the desired compaction at the surface | wil 

ou is an economic one. _ Subgrade planers are used to advantage to remove the — 

- Z top inch or so, in both highway and runway construction. 1 However, it is the © : bet 

 writer’s opinion t that the: removal of 12 as proposed by Mr. Proctor, is not pre 

essential and is not economical. - Mr. Proctor’s remarks on the use of the sheeps-_ P 4 8 

foot roller, and on emergency construction procedure, are very interesting, 

and grow out of long experience. These remarks center around the use of an 

“available” roller. . To obtain the high compaction necessary in. airfields: 

heavy planes, it will be necessary to specify the use of particular rollers, although ae 

admittedly the characteristics of those rollers are not yet fully determined. | m5 fee def 

The use of membrane curing for concrete pavements is permitted by speci-_ & 

fications of the Corps” of Engineers. These specifications require moisture 

e ae ability as determined by an established test procedure. This method all 

—— of curing has great advantages i in ease and speed of application, « economy, and — | bei 

negligible maintenance cost. The material has no insulating or cooling proper- sta 

oe. - ties, and it may be, as Me. Wittens states, that its use in hot weather will per- _ 01 

E "mit dangerous thermal stresses in the concrete to occur, especially if the ma- Dai 

=a _ - terial i is of dark color. Mr. Pittman’ s statement, however, is the first to that ; 40, 
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effect which has co come to the writer’s attention, writer has been unable 
find d any which damage’ to the concrete can be ascribed to such thermal 

Design. —Messrs. ‘Turnbull and Jervis, s, and Hansen on the 
_ing background material on the. development. of the CBR method and on the 

| method of accelerated traffic testing. Their statements with respect to the 
findings of these investigations are just sufficient to whet the reader’s interest, 
but by no means to satisfy it. In continuation of their remarks, it may be 
stated that, since Mr. Hansen’s discussion was written (September, 1944), the 
{ Barksdale tests have been made available to a limited distribution n'a 
bli The » application of the formulas introduced by H.M . Westergaard, M. Am. z 
Soc. C. E. to design of ‘pavements on ‘marshy ground i is questioned by Mr. 
-Horonjeff. His doubt, it appears to the writer, is not in fact directed at the 
formulas but rather at the method of determining K which is used by the Corps 
Engineers. the writer’s opinion, Mr. Horonjeff’s question is justified. 
The plate bearing test for the determination of K has little to recommend it 
except that no other method is available and except that, within the usual range _ 
of subgrade soils, it gives results which are reasonably consistent with experi- ; 
ence. There is no present. method for extending this exp experience to soils such 
as Mr. Horonjeff describes. such soils, the plate bearing test will give 
indeterminate results; yet such soils do have supporting values: al 
_ Professor Casagrande’s remarks on the difficulties of a theoretical approach 
to the design of flexible pavements are illuminating. In spite of these difficul- 
ties, engineers will not rest 1 until such an approach has been nn accomplished. | 
Present studies by the Corps of Engineers are aimed at computing the soil 
‘stresses, and specifying the necessary treatment of soils and _ bases to resist’ 
these 1 stresses. The accomplishment of this goal is an indefinite distance in the 


future. ‘Until that time, refinement: of the CBR and similar methods 


| 


| Messrs. Casagrande and Horonjeff both discuss the problem of load transfer 
| between rigid slabs under heavy wheel. loads. — This problem becomes: more 
“pressing as loads and slab thicknesses increase. One absolute requirement for 
a8 successful joint is that the joint surely function. In this respect, the writer 
the doweled joints, suggested by Professor Casagrande, im: 4 the 
of be increased by the large number of 
he In the writer’ 8 opinion, there i is no such nies as an “allowable ahi 


“curvature, and will be greater the sere the radius of curvature; hence, the 
allowable deflection will be. greater the larger r the tire a 
; being ees: Allowable deflection will also vary with the soil and base con- __ 
stants. In the Barksdale tests, initial subgrade deflections, exceeding about. = 
0.1 in. under moving ¥ wheel loads of 50,000 lb, increased under succeeding wheel © rr 
passages to more than 0.2 in. ., and shear failure occurred. In similar tests with 7 
40 _ lb wheel loads, but on a pavement laid over a fine sand subsoil, n o failure an . 
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Considerable settlement did as the subsoil compacted. 
In such cases, the differential, rather than the maximum, , settlement is 
ortant. To ‘the writer’s knowledge, no flexible airfield pavement has been 
~ overstressed as the result of compaction, unaccompanied by shear failure, under 
traffic. As Middlebrooks and R. M. ‘Haines, Assoc. Members, Am. Soc. 
° = Cc. E., have presented the results (65) of numerous ‘deflection n measurements, 
and Mr. Stanton also contributes some information. Jina of on 
oll In Table 13, Professor Burmister introduces a thickness factor 1 whidh, when 
applied, permits a good base material to be less thick than a poor one. The 
CBR method of design is predicated upon the hypothesis that a given total 
. thickness of base and pavement is required over a given en. subsoil or base and 


material has sufficient strength. ‘This hypothesis i is based 1 upon ¢ experience, 
and i is definitely proved by the Barksdale and other similar tests. . Professor 
- Burmister thus argues ‘erroneously that, because material with a CBR value 
~ of 50 is allowed immediately under pavements for light wheel loads, a lesser 
thickness of ‘material ial with a CBR v value | of 80 would be: suitable. These mini- 


80 far: as » evidence shows. This statement. must be limited to 
. the usual base materials. — Evidently, in the extreme, it would not apply to 


ie ‘The general adoption of relative density in place of percentage compaction, 
_ 38 suggested by Professor Burmister, As an end to | be desired. it has s special 


“of the end "plait is, of the loose and dense states. Such a definition or 


is not available. od ton 
Proctor, raises a number of interesting ‘questions concerning ‘soil 
o compaction i in earth dam construction. — In Teply to one of his f first statements, 
it should be mentioned that methods of ¢ compaction and compaction control 
_ developed i ine: earth dam practice are the bases for similar operations it in pavement 
construction. It does not follow, however, that criteria which have been suc- 
_ cessfully applied in earth dam construction | will suffice for successful pavement 
 euuitedion. * The maximum unit loads found in earth dam construction — 
greatly the unit loads encountered i in pavement construction, but this 
. comparison does not consider the size of the loaded areas, the load distribution, — 
or the repeated stresses found in pavemen nt practice. . Because of these factors, — 
all present information leads to the conclusion that the permissible soil strain 
i in ‘pavement. practice is is only a fraction of that required to. develop the ulti- 
+ _ mate strength of the soil under a single loading, and permitted i in earth dam 
-—-Rraction: ib appears, therefore, that, for airfield pavements, relatively higher — 
- densities must be obtained shen: are commonly accepted in earth dam practice. a 
7 appears also that, possibly excepting sands, the bases and subgrade must be — Pi 


ih initially compacted to substan atially such a — that no further compaction — 
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necessary to this doubt i is s not given in » Ble: 41, 
aly To clarify several apparent misapprehensions which appear in Mr. Proc- 
3 - tor’ 's discussion, it may be stated, first, that the CBR method is not dependent 
- upon an optimum density. This test evaluates the soil at. any density and 
“moisture ¢ content. The most desirable values of density | have been | discussed 
in previous paragraphs. On the basis of available tests, it appears that the 
most desirable water content is somewhat on the dry side of optimum for the © 
Secondly, Mr. Proctor very correctly points out the great reduction 
strength of soil at 90% compaction, as compared to its strength at 100% com- 
. oe It should be noted that 90% of ‘modified AASHO density is still 
a rather high density by usual standards, but, more especially, that 90% com- 
~ paction is allowed by the specifications of the Corps of Engineers only in fill, 
the t top 6 in. of which are required to be compacted to 95% density. The 90% 
4 “criterion is not applied t to base courses. _ The present hope i is to determine the 
actual density and ‘compacting moisture content necessary ata given depth, 
and to specify the values. In the aforementioned Barksdale tests, it was 
determined that 90% compaction was ‘sufficient at certain depths, 95% was 
Brn at an intermediate depth, and from 103% to 105% was needed in the 


In the same ‘dhiniseelinl; Mr. Procter stresses the need for control of rn 

at such a value that subsequent consolidation, whatever cause, 

will not build 1 up excess hydrostatic pressures in the ee: 

_ possibility i in airport practice where the heavy wheel loads: may cause consolida- = 

tion under traffic, ‘and, if such | pressures occur, they s are fatal to the pavement. 3 

This phenomenon was observed i in one failure of a test pavement on a silty 

Messrs. Rudolph and Horonjeff briefly raise the problem of reinforc- 

" ‘ing existing pavements to withstand heavier loads than those for which they . 

were originally designed. _ The problem has already arisen at a considerable _ 

number of Army fields. procedure has been first to evaluate subgrades, 

~ bases, and pavements | as they actually exist, by field and laboratory tests— 

Phy where applicable, by accelerated traffic tests—then to design the reinforee- 


ment. ~The thickness of flexible pavements i is increased i in accordance with the 


existing’ 4 ‘In such a design, careful consideration must, be given 
the effects of moisture in the new base; hence, closed crushed stone is preferred — 
: for this base. Tn the case of concrete pavements, the thickness of a slab re- 


q quired for the new and greater load is calculated, and the equivalent two-beam 
(one beam being the existing slab) thickness is determined. The general 
. ‘practice thus far has been to place. a leveling course of sand asphalt, where. 
; ‘Recessary, or a thin bituminous bond breaking course, , between | the old and 


new slabs. This is done to relieve temperature stresses in the upper slab, but — ad 


principally t to avoid irregular bearing of slab following movements 
 Tesulting from ‘temperature effects. 
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Diser ussions 


_- 2 Present iinjted experience with such designs is satisfact tory. When pave- 


‘ments are thus thickened, original grades and drainage may be so disturbed 
: = the required changes in these elements result i in an uneconomical over-all 
design. It may then be n necessary to remove and reconstruct a part of the 
existing pavements to meet grades at buildings: and drainage structures. ie 
at  Inconelusion, it is evident from the discussions, and from General Stratton’s 
‘paper, t that, although much progress } has been made to toward the rational and 
exact design of airfield pavements, many vy questions are at present unanswer ed, 
and much remains to be done. Mr. Pringle has outlined a program of periodic 
‘condition surveys, and other discussers have mentioned the need for correla- 
“tion of test and laboratory results with field exper experience. number of organ-_ 
Pim = are working on these problems. The Corps of Engineers has estab-— 
a lished three laboratories to work continuously on on the correlation of field and 
_ laboratory experience and on the extension of knowledge through field testing. 
These laboratories are the Flexible Pavement Laboratory at Vieksburg, 


Gama. Hartuaway,* M. Am. Soc. C. E. %6a__The comments and suggestions 

Apcilities « contained in the “discussions of of the Symposium 

7 ~ appreciated. . Several valuable modifications in procedure have been suggested, 
d recognized deficiencies in the method have been indicated. 
Or eee Howland presents a a mathematical method for the determination 

of a runoff hydrograph for a rain of limited duration and compares the hydro- 

_ graph so obtained with hydrograph No. 2, Fig. 18. The rising limb of hhydro- 
graph No. 2, Fig. 18, was computed by the | general equation (Eq. 2) developed | 

by Mr. Horton and utilized by Professor . Howland, , whereas the crest shi ape 

_ and recession limb of the hydrograph were derived from the curve of overland 

~ flow rates by utilizing the unit hydrograph procedure. . The un unit hydrograph 

method is recognized as an empirical procedure based on the analysis of actu: r 
runoff data. However, the writer has found that the method gives excellent 

| results | for small areas when reliable and accurate basic information is available. : 

The limitations of the equation developed by Mr. Horton for lengths of flow 

greater than 600 ft are ‘recognized, and alternate procedures ai are contained i 


‘Williams’ discussion. In that connection, a few test runs by Mr. Izzard 


% 


i the bluegrass turf strip, in which instance rainfall was stopped before 
equilibrium was reached, would have furnished valuable information on the 


s shape of the crest and recession limb of the » hydrograph. — Professor Howland’ : 


contribution outlines problems as yet unsolved and emphasizes the need for 


‘The writer agrees with Mr. Jenkins’ statement stressing the need f or, and — 
the practical value ¢ of, a table showi ing the range of infiltration capacities for 

ae different soils and soil covers. The data on infiltration capacities as shown in ; 


Tables 6 and a and in Mr. Jenkins’ accompanying discussion, are very informa- 
tive and valuable for design purposes. More information of a similar aatare 


% Head Engr., Corps of Engrs., Office, Chf. of Engrs., ‘Washington, 
— 


in 
in 
en 
«Wwe 
Ag 
ob 
60 
“ 
ne 
gr 
wi 
ere 
| 
ba 
qu 
in 
te 
de 
af 
an 
be 
as 
M 
. 
0 
re 
fo 
_, 


(1945 


in the files of the Department of Agric should be made the 
engineering profession, | Mr. Jenkins states that airfield turf is generally not 


ll | well established until about the end of the first year year, and in many c¢ cases not ‘ 
e | for two years, following completion of grading. I It has been been the writer's — 
a a. _ observation that many fields do not have a grass cover at the end of the third 
's - growing season although every effort has been made to secure a good turf. 


qd The points raised by Mr. Jenkins on the applicability of the unit hydrograph 


a theory” to the determination of runoff from graded airfield slopes 500 ft or 
600 ft long have been covered to some exten nt by Mr. Williams. 

- With reference to Mr. Jenkins’ comments on the relation of airfield grading 
a requirements to drainage, ‘it is gratifying to note that the importance a and 
oan necessity of good drainage have resulted in modifies rations and improvements of | 
d criteria for sh airfields. T he transverse slopes: of shoulders 


a maximum in of 3%. In addition, w where ‘the foregoing criteria 
will not permit development | of ponding a areas, it is permissible to provide a a 
small: transverse Tidge at least 100 ft dow wnstream from the inlet, with the 
not more than 0.5 ft above the inlet. ay “a Se 
Mr... Jenkins suggests that the method of maintaining the hydraulic grade 
line near the top of the drain pipe be clarified . The design assumptions are 
based on a controlled outflow from each ponding basin. He also discusses the 
formula used by the Civil Aeronautics Administration (see Eq. 9). The © 
utilization of this formula in the determination of runoff from airfield areas is 
4 questionable. — - For example, T (the duration of ‘Tainfall) is assumed to be 1 ¢ 
4 hour. The u use of a value of 1 hour for 7 with no consideration for varyiny 
ying 
gi _ times of concentration, particularly for apron and runway design, is obviously 
- incorrect as the computed runoff will be. inadequate for numerous high in- 
7 tensity storms of short duration but with a frequency less than that of the 


| design storm. The quantity t in Eq. 9 (time allowed for removal of rainfall 


wd ; after the end of the storm) assumed to be 2 hours is actually a storage correction; 
~ 7 “and, i in many cases, the storage | is not available. — It has been observed that 
; - the apparent simplicity and ease of 1 using Eq. 9, with T equal to 1 hour and 
oa “te equal to 2 hours, have led to numerous cases in which storage reductions are 

P| _ assumed without the required storage being available or even being ; considered. 
re ‘Mr. ‘Jenkins’ thorough d discussion covers several ‘points n not touched by t the 
ne 


_ The comments of Mr. Irwin on the need for infiltration data and the results 
of his experience with clogging are timely and informative. Much work 


writer and clarifies and expands others in the paper. a 


to be done in ‘obtaining accurate field data on roughness: coefficients 
“for r varying types and | degrees of grass cover. In that connection, the tests 
conducted by Mr. Izzard are of inestimable value. ihe 
Iti is of interest to note that Mr. Jenkins’ computations for a typical eniies 


using the modified rational method (Eq. 9) give runoff values considerably 
wer than those obtained by the procedures described by the writer, nee 
the example presented Mr. Irwin gives somewhat runoff values a 
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Discussions 


on this phase of airfield drainage 
should be made to conduct field tests s supplemented by the necessary laboratory 
research to provide : a ‘satisfactory method for rational al design of proneredly 
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in CERTAIN — 
Iti is desirable to maintain a low ground- water table in the: 
airfield area, and lowering the ground-water table can be facilitated pro-— 


The theoretical purpose of the ¢ “surface intercepting drain” or modified 
“French drain” (namely, to intercept the surface water without changing the 
uniform sheet flow to a piled- -up flow) is a good one; but unfortunately the 
. intercepting drains fail to function, i in many instances, undee practical operating 
conditions. only do the surface intercepting drains become silted by fines" 
but, in most. ‘instances, the assumed collecting capacity. is in excess of the 


quantity: of water that is by the drain. Instances have been 
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: recorded i in| which the pavement base-course material has : moved i into this — 

of drain, resulting in the subsidence a and failure of the outer lanes of the runway. 


> canting drain does not permit water to have access to the foundation | a 
Fanway or apron pavement. 
7 _ _ The statement by ‘Mr. Murray that intensity curves for rainfall on the 
“eastern coast of Australia conform closely to those in Fig. 15 is especially 
“significant. - Subsequent to the preparation of the curves in Fig. 15, rainfall 
‘intensity data were obtained for Europe and southeast Asia which conform > 
closely to to those for the United States. (Data for eastern Australia were taken’ 
“from Table 12. In foreign countries, data for durations of 5 min and 240 min — 
are not available.) These data have been plotted in Fig. 54 for comparison 
with the curves previously developed in Fig. 14 for the United States. In 
. general, the foreign ae f or r short-duration rainfall indicate al lower intensity— 


* condition which m may possibly be attributed to a lack of recording gage 


a poste application of the design ‘methods discussed herein, — 
- The discussion by Mr. Williams is a valuable contribution to the paper, “~<" 


and the procedure he suggests will be found useful in extending the design 

criteria to the determination of runoff from larger airfield areas. 
Izzard’s comparison of actual hydrographs resulting simulated 

ji rainfall ak the theoretical hydrographs ‘included in the paper provides a 
valuable check on 1 the a accuracy of the runoff computations. Although a shift 


‘with the actual hydrograph, the change would not seriously affect the ultimate 
drain-inlet capacity. ‘Laboratory and field checks along the lines pursued by 
Mr. Izzard are of inestimable value in arriving at correct design procedures 


-= in establishing confidence i in new and ceed approaches to the solution 


(23) Engineering Weil, C Constr. Div. ‘Office of of ‘Chi. of Engrs, ‘U.S. Army, 
1943. (a) Chapter 21, Design of Drainage Facilities. 
(63), “Stability « and Stiffness of Cellular Cofferdams,” by Karl Terzaghi, 
ceedings, Am. Soc. C. E., , September, 1944, p. 1037. 
(4) “Service Behavior Test Section, B Barksdale Field , La.,” Corps of Engineers, 
§. Army, U.S. Engr. Office, Little Rock, Ark. 
— (65) “Results of Accelerated Traffic Tests of Runway Pavements,” by T. A. 
ed _ Middlebrooks and R. M. Haines, Proceedings, Highway Resea Research sh Board, 
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‘By Ropert F. KREISS, AND BERK 


F. Kretss,'® Jun. Am. Soc. E. - Manifold tests whose results 
are in good agreement wi with the discharge | distribution and with the over-all 
coefficients computed from calibrations of a a single port confirm the usefulness of. 
port calibrations. _ Inspection | of the coefficient curves 0 of Fig. 6 suggests that a 
a of port , coefficients against the ratio of average port velocity to conduit 
velocity would be significant in interpolating test results to ports of other sizes. 
- ‘Bather than present graphs of such relations, the writer has computed the 
a characteristics of discharging manifolds from the calibrations on Ports I to VII. 
Two characteristics are shown as functions of the ratio of cumulative port 


area to conduit area in the semilogarithmic plots of Fig. 19. The results, 
which are the practical objectives of the > single port calibrations, indicate hw 


The computations for the manifold have been made | essentially as outlined | 
_ by the authors. _ ‘The over-all coefficients assume a manifold acting as a unit 
such that the head producing discharge | Qi ports of area A; ais, 


= 
the discharge, velocity, and head bein ose immediately upstream rom the 
te harge, velocity, and head b g tho diately f tl 
most upstream port. The results in “Fig. 19 ‘Tepresent characteristics for a 


frictionless conduit. The discharge distribution in Fig. 19(b) refers to a unit 


_ _Norg.—This paper by Edward Soucek and E. W. Zelnick was published in October, 1944, Proceedings. a ; 
; Discussion on this paper has 7 in Proceedings, as follows: 1945, by J. Pietrkowski; and Apel, _ 
1945, by John 8S. McNown, F. Edwards, and W. M. Lansford. 


Engr. (Hydr.), U. S. Engr. Sub-Office, Hydraulic Laboratory, City, 
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(compare results for Ports I to III and for Ports IV to VI). The discontinuity 

— | 
a 
— 

— 

— 

| 

Es 


May, 1945 
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DISTRIBUTION 
Ratio of Cumulative Port Area to Culvert Area, 


ah, TYPE or Port DiscHARGE 


Port Flowing Full 
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NO 


nn 
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| Range of Area Ratio 


Minimum | Maximum 


Range of Area 


Minimum 


Maximum 


S CONDUITS 
io 
‘it. Port Flowing Partly Full I 
0 0.34 | 127 | O19 | 0.34 4 
he Os 0 | 1.33 0.20 | 0.47 | > 
i 
— 


sii on at an area — approaching ze zeYO as & limit (Ports I to IIT) 
or at the downstream port (Ports IV to IX). 


i An additional observation, worthy « of note, is that the aiieidlia coefficients, 
7 shown j in Fig. 19(a), bear: a relation to the area ratio as follows: __ Te ; 


the two types of mentioned by the authors. 
characteristics for ports of four other ‘designs further check the ‘validity of 


Eg. 19. Results for Ports VII and Ix are sk shown i in n Fig. 19. The values of fa 
‘coefficients C’ and Cc”, pe 

08-— th f | 
e range of area” ratios to fo 
- = Which the coefficients apply, } 
£06 the type of discharge 
“from the: ports are given in fo 
‘Table 4 for Ports I to XI. 
subject to the limitations. 
; given by the authors (see 1 
Between Each Port “Single Port Tests: ol 
tion and the efficiency “of a 
the manifold 1 are dependent dl 
the type of ports in the 


VIII is similar to 
VII (see Fig. 4) except 


ischarge Distribution 


the dimensions of the 

opening are 1.52 in. . (parallel 


| we the conduit center line) 


by 2.97 in Port IX is 
4 tapered flo flow-line port with 
face ‘extending from the 
Ae 4 Ratio of Cumulative Port Area to Culvert Area, Port “floor of the conduit. Ports 


20. —Erracr Losszs IN ‘ CULVERT ON THE 


and XI extend 


a Hypravutic CHARACTERISTICS IN A ward from the conduit floor 


= leg being of ‘constant shape in Port X and divergent in Port XI. 
Details of design and port calibrations have been presented by Sydney 0. 
aa 4 - Steinborn, 19 Jun. Am. Soc. C. Ez, and ¢ are on file in the Engineering Societies 
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1946 BERK ON LOCK 

exponential equation was reported in for filling and 
_ operations in lock models having port designs similar to Port IX. In more © 


(1944) tests on another: lock was found 


The ‘conduit friction has an appreciable effect on the ¢ Resigteituites: of ota 
. teeta manifold when ports are widely spaced. An example for Port II is. 
shown in Fig. 20. The conduit friction between each port is assumed as 
& 0.05, 0. 10, and 1.00 of the velocity head immediately upetennen of each port. 


0 ft, ft, 2 ft, and 20 ft in a 6-in. conduit with n = 0.10. ) 
[ The methods of testing and analysis presented by the authors are able 
for such designs as lock manifolds, storm sewers, “sprinkler systems, and 
: _ penstocks from a feeder line. _ With the graphs in Fig. 19 the design of mani- 
- folds, when ports are closely spaced, is further simplified and clarified. 
G. Berk.” 21 valuable method of predicting the hydraulic per- 
formance of lock manifolds is s presented in this paper. The ‘method can be 
- applied to other types of manifolds, such as filter, bottom-lateral systems, — 
sprinkling filter underdrain systems, irrigation piping distribution systems, and 
i The authors’ procedure is similar to the method employed for the calculation 


backwater curves in open channels. Orifice: coefficients are used for caleu-— 
- lating the flow through each ‘port in the > manifold. T! These orifice coefficients : 


are expressed by curves showing the variation of the “orifice coefficient C with 
Ss in the value of P (ratio of flow through the port to flow i in a the conduit). 


to in pressure ; and nd velocity of of flow along a manifold tube, gers by angularity oot 

- port discharge. None of these effects can be. directly evaluated. Under the 

"heading, “Single Port Tests: Analysis,” the authors state that their derived 

a orifice coefficients show no significant dependence upon variables other than P.— 

er Despite the fact that the (C-P)-curves in Figs. 6 and 7 are reduced to . 

a very small scale, it is still possible to observe that these curves assume different — =? 

4 relative positions for varying sizes of ports. Ih Fig. 21 the same data ‘are 

presented i in a form designed for easier comparison. The P)- curves for the 

_ square-cornered ports (Fig. 21(a)) indicate a consistent variation of C with - 
the different, | sizes tested. This variation most likely conforms to the model 

expressed by Froude’s criterion of dynamic similitude. ‘However, the 
(CP) -curves for round-cornered ports (Fig. 21(b)) show no consistent variation 
C with the sizes tested. The shapes of these curves and the 

probably indicate no conformity with Froude’s criterion. 


.®**Laboratory Tests on Hydraulic Model of Filling and Emptying, Watts Bar 
Project Lock,’ U.S. Engr. Sub-Office, Towa = Iowa, 1937 


ala Received by the 26, 1945, 
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MANIFOLD EXPERIMENTS Discussions 


svt In view of these differences, can one conclude that the geometrical shape of 


— together with ‘vevintion ie in size, exercises some influence on the port 
orifice coefficient? — Can tests with model ports of smaller scale provide enough 


wae 


5 ‘information to | permit the formulation of a model law defining the —. 


(a) SQUARE-CORNERED | 


(6) ROUND-CORNERED 


PORTS NOS. IV, V, VI 


— 
4 405 06 07 0B 


a 


a hat values of C for round -cornered ports (Ports is IV, V, and VI) would the 
F authors use in calculating the performance of a prototype heck manifold, w ith 
ports which should “necessarily be much larger than the test ports? (The 


_ example shown in the paper is a a calculation of the performance of a manifold 
having | ports of the , same size as those of the test model. ) aricept cual 
mm. summarize, , the writer believes that the authors do not present definite 
information for solving the practical problem of designing a prototype manifold — 


_ ilarger in size than the test models and with port shapes other than “square — 


“cornered. He must also conclude purposes of practical design, it 
dimensions and shapes. 
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"SHEAR AND BOND STRESSES IN REINFORCED 
"CONCRETE 


Discussion 


BY STANLEY Uz. BENSCOTER AND SAMUEL 


U. BEnscorer,* anp AND SaMuEL T. “Logan, ‘Juniors, ‘Am. Soc. 

© E.%*—The discussions provide a number of interesting and useful ee 

“to the solution. ‘of the problem presented i in the paper. - It has been properly 
noted in several discussions that the definition of j d, as given by the writers, 
is not strictly correct. However, as a matter of convenience, the definition is 
commonly, used in design practice. Professor Peabody has correctly criticized — 
the w riters’ misleading ‘statement: regarding the validity of the standard 
_ Shearing stress formula in members without thrust having compressive steel. 


to ‘the einforcement as shown in Fig. 2. Messrs. Aleck, Ferguson, ead 
» Bergman have developed formulas based on the slope of the neutral axis with 
respect to the reinforcement. ‘should be noted carefully that the formulas 

proposed by the writers do not include any effect of the rate of change of 

- flexural properties along the member. Consequently, the factors that enter 
into the formulas, and the development of the formulas, can be completely 
illustrated by a figure which neglects the slope of the neutral axis. o¢penaghaelll 
application of the “classical shearing stress formula to reinforced 
| conerete, a as given by E Eq. 3, can be developed i in undergraduate classrooms in — 
manner such as that used by the writers. the graduate classroom 


formula considers the rate of change of the flexural properties s along the snember. 
An additional term could be obtained by P as a variable 


-_ Nors.—This paper by Stanley U. Benscoter and Samuel T. Logan was published in March, 1944, 
‘Proceedings. _ Discussion on this paper has appeared in Proceedings, as follows: May, 1944, by F. R. Shanley, 
B. J. Aleck, Dean Peabody, Jr., and William E. Wilbur; June, 1944, by L. E. Grinter, and Anders Bull; 
and September, 1944, by Victor R. Bergman, and Phil M. 

> Associate Engr., Bureau of Aeronautics, Navy Bldg., Woshingten, D.C. 

ae Ist Lt., Corps of Engrs., U. S. Army, Vicksburg, Miss. ies 3 aa 

Received by the Secretary March 14, 1945. 
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he 
id Ben Some discussion of Eq. 19 may be worth while. Ifalltermsexcept the first + = 
are dropped, the writers’ formula is obtained. It appears that the additional 
ld 
re 


4 terms beyond the first term are more or eas compensating. is 
'™ by | the fact that calculations | presented by ‘Mr. Bergman, based on a consider- 
ation of the rate of change of k along the member, agree well with the values 
“computed from the writers’ formulas. bs - ‘Thus, a dilemma which the writers are 
unable to resolve is presented. Why does a method of analysis which considers — 
the rate of change of flexural properties along the member give values which 
agree with those computed from a formula which does not consider the rate. 
For further illustration o of this dilemma, consider Eqs. 28 and 29. F For 
member | without tt compressive ste steel the ins Formate for B for Bbecomes 


¢ 

> 


if Eq. 63 is substituted into Eq. 29, tl the resulting f formula for v will be the same ; " 
“as Eq. 31 . Thus, Eq. 30 is in error, and the computations, based on Eq. 30, Ag 
lead to incorrect conclusions. It is especially worthy of note that a formula ¥ 


can be derived, based on the rate of change of k and j along 1 the member, 
which i is exactly the same as the writers’ formula which does not consider the 
Tate of change of flexural properties s along the member. This dilemma must 
be resolved by future research. 


A few comments on formulas involving & and j rather than the section 
Pe Pict may be in order. _ Just asin the case of tapered beams without thrust, all 


- 


%**Recommended Practice and Standard for Concrete and Reinforced Concrete,” 
staan Am. Soc. C. E., Pt. 2, June, 1940, Eq. 5a : 
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EAR AND ‘BOND 


A 


e shearing stress may be calculated from the formula, 


in is a reduced shear. The beam of reinforced concrete 
prismatic externally but nonprismatic internally. Although the surface ele- 
“ments are parallel, thus giving the member a prismatic shape externally, the — 
resultant internal tensile and compressive forces are not parallel. 
_ The reduced shear V; is calculated from the total shear V by deducting s 
; reduction factor. This reduction factor is proportional to the tangent of the 
angle 6, made by the i internal compressive force with a normal to the cross 
‘section. Thus, Vi “may be writtenas 


The validity of Eqs. 64 and 65 may be demonstrated readily by using Eq. 2 
and referring to Fig. Eqs. 64 and 65 correspond to E 21, E 


by 
ra 
th 


Eq. 46. ~The compressive force C can be. in terms quantity 

tan can be expressed 1 in terms of of k in such 


rere tan 


pare 


= 


tans, = 


used by Professor Ferguson, Th he factor — 


| 
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if 
ler- 
ues 
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te,” 66e has been —isgivenask = 


_BENSCOTER AND LOGAN ON SHEAR AND BOND Discussions 


in Eq. 51. product. is given as | B in Eq. 54 The first factor is a whi 
_ "d function of k only, whereas the second factor is a function of both k and e. shes 


7 These derivatives are properties of the cross section and are > eather complicated. — sr 
By a simple expedient the first factor may be eliminated. 
_ Consider the forces acting on the differential slice of the : sember as shown n 
Fig. 14(). ‘The total compression has" bee en divided into two parts 


—the 
force Cy consisting of the stress in the compressive steel and the force 


consisting of the concrete stress. entire reduction factor used in com- 
puting the reduced shear v 1] is affected by the slope of C2 with respect to the 
os tensile steel since e the force C Ci Lis parallel to the tensile steel. Thus, the formul: to bor 
Chay 

‘dis 

‘Thus, Eqs. 67 and appear to ‘provide the most convenient method 
eale ‘ulating | shear and bond stresses in terms of k rather than in terms of the ? 
‘A ‘section modulus. Actually, the use of f the writers’ formula ir in terms: of the 


3 J 


Mr. Shanley has suggested the ‘unit shear method which has been 


rather extensively in aer onautical engineering in recent years. — Unfortunately, 


the civil engineer seldom has sufficient time in design practice to use such a ie 
method. — How ever, the method i is commonly used as a research tool to check ¥* 
the validity of formulas upon which the civil engineer depend. ~The 7 
first of of the two numerical: calculations presented by ‘Mr. Bergman illustrates |: 
the application « of the unit shear method to the problem treated by y the writers. WwW 


; Several discussers mention the possibility of some tensile stress existing 
near the neutral axis. How ever, it is not safe to ) consider tensile stresses in — 
designing horizontal members. _ In such members it must be assumed that a 
shrinkage crack exists entirely through the member at the ‘section being — 
analyzed. . The irregular surfaces in contact at the crack can transmit shearing 
stress but cannot transmit tensile stress. On the other hand, it is highly 
improbable that vertic: al walls or columns have horizontal dheiukegs. cracks. et 
_ Consequently, vertical members w ith large thrust eccentricity, such a as canti- 
lev yer retaining wall stems, : are ‘manner that is unnecessarily, 


4 


— 


ao 


W bur mxintains that the formula 


members with without ‘thrust t. He presents a a stress Stes diagram in in Fig 
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which is correct for members without thrust and mistakenly assumes it to be 
- correct for members with thrust. _ Hence, a an incorrect value for the m maximum | 
Dean Grinter correctly notes that, for straight x members having a length- 

- to- depth ratio of ten to one or greater, the formula 


accuracy. — Actually, the eccentricity of the thrust is the criterion that deter- 
mines this accuracy. It is well that Dean Grinter has called attention to ‘o the 


“fact that, with tensile thrust, the the shear 


Mr. Bull offers Eq. 39a for computing shearing s stress. ‘This 
be reduced to ——. Hence, Mr. Bull also maintains that —— may be used 
Bed all thrust eccentricities, which is incorrect, and his stress calculations are ~ 


likewise incorrect. The “line of thrust”’ ’ in the writers’ paper is the same as 


“the “ “pressure line” in the paper to which Mr. Bull refers. ra 
_ Mr, Bergman has presented two instructive methods of stress calculation. — 
These’ methods provide a a clarification of internal stress relationships. . In the ; 
second calculation Mr. Bergman introduces an unusual definition of jd as the 


distance betwe een the resultant tensile and | compressive forces: w hich remain 


definition is in literal agreement with the 1940 Joint. Code. 
When this definition is employ »yed, the stress computed from is the maxi- 


- mum stress v», at the centroid rather than the value between the neutral axis: 
and the > tensile steel. _ This maximum § stress is not the value that the designer 
‘should compare 1) with the allowable stress, and it is highly improbable that the 
— of the code intended to recommend such a procedure. es oo 


Professor F erguson corre rectly 1 notes the artificial base upon which all rein- 
‘eons concrete stress analysis rests. He He presents a development ) which is of 


considerable v value to in the 1 range of thrust ecc 


where the formula —— 

F Fig. 13 illustrates the matter. clearly. The writers’ formulas should be used 
in the range of small eccentricities. _ Structures with heavy loading, such as 


the structure used vd the writers as an illustration, fall in this class. — 
arches are in this class. Since the formula bia 
correctly than the formula recommended 1 by th the writers, there i is little reason | 


| 
formula bid in any member with thrust. 


Professor Ferguson has developed | formulas i in terms of ro overall depth h . 
rather than in terms of an effective depth d d. Beam-c column stress. analysis 


— Should be divided into tn oO classifications, One class should consist of members | 


is 19° ‘Computing Stresses in Reinforced Concrete Arches and Other r Structures,” = 
Mich.), December, 1921, p. 242, 
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NSCOTER AND LOGAN ON SHEAR AND BOND 


Discussions 
having the thrust v within. the kern and the other class should consist of sainend 
having the thrust outside the kern. _ In the first class the total depth h should 
_ be used in order that the thickness of the tensile steel covering will enter into 
the stress calculations. In the second class some conveniently defined effective 
_ depth should be used specifically to assure that the thickness of of the tensile 
steel covering does not enter into the stress calculations. 
ay. Professor ‘Ferguson calls attention to the fact that higher diagonal tensile 
3 stresses may exist in . the ¢ compressive region, near the neutral a axis, than in the 
region between the neutral axis and the tensile steel. In the example given 
A by the writers this condition is ; very marked, because the compressive : stresses 
7 a in the example are very low whereas the shearing stresses are high. — The high 
a. diagonal tensile stresses will exist only over a short distance along the cross 


section. should be given some attention by future research. 


to obtain strain readings. — Such field experimentation is sorely needed for 

“the improvement of reinforced concrete design methods 
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stress analysis. rains mus measured on actual rigi rame structures in 
‘civil engineer must learn to attach electrical strain gages to 
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ANALYSIS OF 1 THE GENERAL 


Yves Nupar,” M. Am. Soc. C. E.%—Some of the comments reflect 
‘misunderstanding—namely, that the primary object of the paper was the 
presentation of another method for the quick solution of special types of — 
Apparently with this thought in mind, Messrs. Polivka and Eremin 
‘different procedures” for such solutions. Mr. Beskin expresses a similar mis- 
understanding in ‘his conclusion § 5.. The primary purpose of the paper, de- a * 
scribed in the ‘ “Synopsis,” ? was an investigation of the basic properties of the _ - 


"general framework. _ Rapid solutions may be obtained as by-products, after 


the proper simplifications (many of them obvious) are made in the general 
relations to fit special cases. The writer has avoided presenting simplifications 


of limited application for the sake of concentrating on the | the general —: “ 


1) for * 

problems, since absolutely genecal methods [such as least work’ are imprac- 
ticable * * *. ” This. opinion is not , generally accepted. Scientific 
might be promoted b best by a search for methods elastic ‘enough to to apply to the 
most general systems (even if processes of. approximation are necessary for 
numerical solutions) and at the same time immediate enough to permit visual- 
ization of the geometric relationships s between component elements. The 
method of least work meets the first requirement, but not the second. The 


hd 
opinion, , however, ‘and it is idle to argue about them. 


.. Notz.—This paper by Yves Nubar, M. Am. Soc. C. E., was published in April, 1944, Proceedings. = 


iscussion on this Ve a has appeared in Proceedings, as follows: June, 1944, by Leon Beskin; Septemb er, 


® Director of Research and Development, Hub ne. Island N. Y. 
Received by the Secretary March 29, 1945. 
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[BAR ON ON ‘TWO-DIMENSIONAL FRAMEWORK 
5 - directly by saitioen under one name or another (mostly in connection with the 
analysis 0 of continuous beams) or simply from the fact that sometimes Mr. § nec 
- Beskin himself can bring ¢ a solution « of limited application to one of the isolated imp 
phases of the problem. This attitude permeates his discussion. . The fact is § clin 
~ (and Mr. Beskin chooses to ignore it) that an integrated and coherent method pro 
sf analysis, applicable to very general frameworks, has been presented in this JP whe 
q 7 7 "paper, based on concepts which are new, , to the best of the knowledge of the F 


- writer and of all those connected with ‘thes preparation and examination of unk 


Mr. Beskin | derives Eq. 60 from a simple of Fig. 13; it is. 

indeed equivalent to Eq. 47, established in a more roundabout way. Mr. & the 
-Beskin uses this fact as an argument purporting to show the “useless the 
of the method. However, his” approach is quite specially applicable sho 
— to the frame of Fig. 18; for a more complex frame he w ould find it impossible tior 
to proceed by such simple analysis. On the other hand, in this case as in every ie 
_ other one treated in the paper, a formal approach has been : een adopted consistently m1 


in order to conform to the routine of the general procedure applicable to § Bes 


“Mg Mr. Beskin advances Eqs. 50 and 51 aerenrvers for denying the originality J} Be: 
the w riter’s compatibility relations, , Eqs. 4, and their consequences, Eqs. 7 § Pro 
‘and 8. vy Mr. Beskin’s equations can indeed be found in many textbooks; but, casi 


the of 7 and 8, they very ‘Special Soc 


a hay 
Mr 
clu 

» . for years; but this again. is one more particular pa of these same com- Mc 


patibility relations | (Eqs. 7 and 8) applied to articulated frames. Example 5 of ste 
the paper shows clearly the analytical translation of this’ construction as an gra 

application of. the method. Eggs. 4, 7, and 8 are general and they are orig- des 
inal; his” ‘comments, Mr. Beskin unwittingly furnishes additional proof 


Mr. Beskin analyzes the frame of Fig. 16(c) quite correctly; it is ‘indeed of - 
the 42d order and a rather cqmplex structure. 


— 


_ As adverse | criticism. of the mit 


_- ews method, he advances the fact that this frame » requires twenty-eight rotations Ne 
i pe to be considered i in the general | relations. — Inreply, the writer would state that, = 
comparatively, the conventional slope deflection method requires: sixty-four 

~ unknown rotations, plus seven story deflections, and that, with the method of J 2 
least work, the > analyst must deal with some 170 unknow ns. The writer had § <= 


no reason for preferring the use of ‘ “arbitrary unknowns which are the same in a 
all cases,”’ beyond the very simple reason that the number of unknowns is aS 


ot 


less here than that in other - methods. Mr. Beskin’s own example 


is proof. Naturally, for ‘the actual numerical solution of of frames of t this 
character, : any experienced engineer will resort to processes 2s of approximation, 

re wh hether he uses one of the many existing methods, or the writer’s method. > me) 


Beskin’s opinions of the section under the heading, “Topology of Frame: 
works,” are based on the fact that he can establish Eq. 52 directly, instead f & 


a 


: 
a 


important ‘relationships, he. n neequations ‘this for the 
elimination of dependent axial strains. . In addition, a study of the topological be 
properties ¢ of two-dimensional framew ‘orks will be found a helpful a 
when a general analysis of space structures is ; attempted. 

_ As regards Mr. Beskin’s conclusions 3 al and 4, the writer agrees that the > 
unknown joint rotations that help to “open. up ” multiconnected frames 1 may 
properly b be included in the set of axial strains used by the writer as principal 
unknowns. How ever, in conformity with the general procedure of the method, 
these joint rotations themselves may be written in terms of the axial strains of | 
the imaginary diagonals of some of the component parts of a frame, such ; as 
shown in Figs. 16(e) and 16(f). Therefore, the writer’s introductory | pcan 
tion of his method and the process: of "operations remain valid. eee 
“ The method presented i in this p paper deals with the two-dimensional frame 7 
‘nits general, rsa symbolized f form; ; hence, a penalty must b be paid (see | Mr. 
Beskin’s conclusion 5) in the form of more deliberate approaches for the | in- 
clusion of complex features which seldom appear in everyday frames. Mr. 
Beskin’s own simple derivation of Eq. 60 for use in the structure of Fig. 13 
proves that the method can be simplified quickly for the treatment of special | 
cases. His several references to the excellent paper? by D. M. Wilson, M. Am. — 


Soc. C. E., a are irrelevant, since the writer’s paper and Professor Wilson’s 3 paper | 


Mr. Polivk ka a has merit; the w riter r referred to an identical method i in the con-— 
cluding paragraph of the section under the heading, © “Determination of End 
Moments.’ method has been developed at great length as one of the 
steps in a previous analysis.‘ _ In this paper, an analytical, instead of semi- 
graphical, approach was preferred as being simpler to present. The method 
described by Mr. Eremin i is based on similar concepts. — . Either Mr. Polivka’s or 


Mr. Eremin’s method will lead to ) quick solutions in the case of a = 


sis of Rigid Frames by. David M. 


February, 1944, p. 129. 
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EVAPORATION | FROM A — WAT TER SURFACE 


hiy 


A. AL ADOLPH MEYER 
A. Kauinsxe,® Assoc M. Am. Soc. C. E.*<_Evaporation water 
4 surfaces, , and 1 also from land areas, is an important Ryereogent problem on 


which fundamental investigative | work is very scarce indeed. ¥ The author 


reviews, quite completely, past theoretical and experimental studies, a nd 
Ms sar sage some laboratory data of his own which h he correlates by use of eae. 
Sionless parameters—a method that has been q quite successful in analyzing 


heat- transfer data. Since the analogy between heat _ transfer and vapor 
7 transfer i in gases is very apt, the 2 author is undoubtedly on on safe ground i in 


= ee _ Although : mentioned by the author i in | connection with his discussion of the 
= a of pan n diameter on evaporation rate, a fact that many engineers 
HS gs ometimes overlook is that, _ for evaporation from a finite area into a moving 
sas air stream, the Tate of evaporation varies with down-wind distance from the 
windward edge. Certain theoretical analyses have been made by H. Jeffreys. 
(55), M. A. Giblett (56), 0. G. Sutton (57), and F. Graham ‘Millar (12) 
which indicate how the rate of evaporation varies with down-wind distance; 
however, the mathematical formulations are x somewhat complex and not very 4 
convenient for practical use. Since this particular phenomenon is. of 
‘e importance in connection with m measuring g and predicting evaporation 
from various areas, it might be of interest to present briefly the results of the 

theoretical analyses showing at least the approximate variation of evaporation 


with down-wind writer does not recall any such leno in 


Nors.—This paper by G. H. Hickox was published i in October, 1944, Proceedings. on this 
ae aper has appeared in Proceedings, as follows: February, 1945, by Carl Rohwer; March, 1945, by C. W. 
Thornthwaite; and April, 1945, by Harry F. Blaney, and Arthur A. Young. 


os 


Yo 8 * Associate Prof., Univ. of Iowa, Iowa Inst. for Hydr. Research, Iowa City, Iowa. : 


aw 
Numerals in parentheses, thus: (55), refer to hy items in the Bibliography ‘Appendix 


I of the paper), 3 and at the end of discussion in this issue. _ we 
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For the steady, two-d equation for 


the -direction (horizontal wind); D, and D, are the diffusion 
inthe y y- -direction and z- -direction, respectively; and c is the vapor concentration 
unit volume. The change i in the value of with z is negligible ec com-_ 
_ pared with 0%c/dy?; : so the first term on the right side of Eq. 28 will be dropped. 
The simplest possible solution of Eq. 28 is obtained when V and D, are assumed 


‘independent of y—that i is, W vhen are constant. The diffusion 


— 


The solution of Eq. 29 is: 


in which co = vapor concentration at y = 0, and d 


2 The rate youre water vapor is transferred upward i is th then equal t to Dy (de/dy), 


F according to the diffusion theory, and therefore the rate of evaporation per ‘ 
unit area E at any point can be found at y = from 


= 


% 


“The rate of evaporation from 0 to z from a strip Az wide is: 


) A 


r, in eal over a strip L feet long: 


a circular area. 
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.(33}) 
W 
endix ee This analysis indicates that the unit rate of evaporation varies inversely as w ie . 
the downward distance, z, to the 0.5 power, and directly as the square root of | a 


KALINSKE ON EVAPORATION | Discussions 
the wind ‘speed. The total rate of evaporation, over the e area, varies 
as the area to the ( 0.75 power. 
Mr. Sutton derived expressions su such as Eqs. 33, taking into account the 
variation of V and upward from the surface. He assumed I: 
velocity distribution such that: a 

in w hich V; is the height yi and in whie hn can vary 
tol. .0, its value being somewhat dependent « on the turbulence present. Mr. ’ 
Sutton’ S expressions were quite ¢ complex. — He found, nevertheless , that the iv 
total mean evaporation r. rate, E,, was to velocity on and area dimensions: t 
casfollowss 
‘4 in w hich 6 is the area width. _ Experiments: have shown that the qua quantity y 
— n), for fully developed turbulent flow, is about 1/7, from Ww hich n= 1/4. 
be * rom Kq. 35, it is apparent that E,, varies as the down-wind linear r dimension d 

area to the 0.89 power, and as the air velocity to the 0.78 pow er. The 
i ve average evaporation per unit area would then be proportional to the — 0. 11 a be 
"power of Mr. Sutton states that data reported by G. W. Himus (19) 
seem to verify these results. Mr. Millar’ 8 derivations for finite areas indicated f 
the average ‘unit rate of. evaporation» ‘would be proportional to ‘yor 7 and e 
Since ‘Mr. Millar’ method of attacking the problem was somew 
"different from that of of Mr. Sutton, it is significant. that there is such 
agreement. 
into a a moving air stream is dependent on the distance down wind f from the _ 


_ windward ledge of that area. a. This item should I be e kept i1 in mind when measure- 


fa 7 = of e1 evaporation : are made at some point onan area, , either with pans or 
_ by the Thornthw aite- -Holzman } — (6). The writer | believes that, in the 
a derivation and use of the latter method, C. W. Thornthwaite and B. Holzman 


cs.” as did not emphasize strongly enough the fact that their equation a and data did 


not necessarily indicate the evaporation 1 rate over the entirety of any particular 
area, but rather the value of this rate at some particular point. 
‘The theory of evaporation as based on the turbulence- diffusivity- coefficient 


concept has advanced to a point where there is need for some extensive and 
carefully, controlled experiments, , both in the laboratory and field—to verify 
directly certain assumptions made in developing this theory and to evaluate 

certain constants present in the equations. was with this idea in 


ping several years ago, the . Iowa Institute of Hydraulic Research, at Iowa 
_ City, Towa, with hopes of obtaining the cooperation of f the U. § S. Weather 
Bureau, became interested in an etperimental program on evaporation. The 


a _ writer at that time outlined the direction to be taken by the proposed laboratory, : 


oo: field experiments in order that direct confirmation might be obtained : as 
whether or not the Thornthwaite-Holzman method of evaporation measure-_ 


gave evaporation from water surfaces. So as 


: 

| 

| 

4 

— 

I 

a 

| 

— 


(1945 


s | writer is aw are, no such direct confirmation exists; at least he has not come “ 
| across any in the literature on n evaporation. — It is important that direct 7 
evidence | be made ava 
_measurement (which can have such ‘extensive usefulness) is used too widely 
and confidently for - obtaining evaporation data from water and land areas. 
The laboratory data were to be obtained in a wind tunnel some 90 ft long 
with a cross section 4 ft by 2 ft. In the « design of this tunnel, | provision was | 

- made for v varying and ‘controlling the temperature an and humidity of the ap- 
-proaching- air, temperature of evaporating w ater, and air velocity. Air 
velocity, vapor concentration, ae air temperature were to be measured at 
various points above the evaporating surface. Turbulence measurements were 

to be made with a hot-wire anemometer. Field studies were planned to check — 

_ and supplement the laboratory o observ ations. ns. It was proposed to n to make > these : 
studies on Spirit Lake in Iowa, which has m: many desirable features for con- 


_ ducting such a study. — Actual evaporation at various.points on the lake i in the 
wind direction was to be. measured with floating ps pans, and data were to be 


compared with evaporation calculations made from wind speed and humidity 


ilable before this particular method of evaporation 


determinations above the lake surface. 


The experiments indicated should make it possible to determine the follow- i 
ing items definitely: (a) ‘Feasibility of using the turbulence-diffusion- theory 
- equations for computing actual evaporation, and the accuracy to be obtained | 
from this approach; (b) accuracy and limitations of the method of computing 
ev evaporation from wind speed and humidity measurements at two points above 
as surface; and (c) data necessary for making predictions: of evaporation from a 
4 nonexistent water areas, such as proposed reservoirs. a 

: An experimental program like the one outlined would help to provide some 
very important missing links between evaporation theories and actual evapo- - 
ration determinations such as are needed in hydrological studies. 
Because evaporation phenomena are of interest to so many different 


scientists, the literature ‘evaporation is very” widely scattered. 


4 


papers by R. B. Montgomery | (58), H. V. (59), and 
might be added to the “Bibliography. Mr. Montgomery gives. extensive 
4 
data on eid — above an ocean surface, and i in his “9 


are reluctant to use it. Mr. ‘Holzman analyzes the Ahonen at of stability in the © 
atmosphere ¢ on 1 evaporation, and concludes that it is significant only for cold, 
smooth surfaces, such as snow or ice, or for low air 


2 


or 


5, ae understanding of the physical occurrences of the evaporation process" 


1S would lead to observations of those elements of the problem which would | 
es, _ make the transfer of pan records to reservoirs more reliable.” 
Cons. Hydr. Engr., Minneapolis, Mint. 
Received the Secretary March 30, 1945. 
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it Sverdrup discusses the so-called “Bowen ratio” and indicates that, since this 

> 

im 
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- many parts of it, ‘wa has no definite recollection of emphasis being placed « on no it 
_ what observations are needed and on how the transfer from pan records to | a 


“reservoirs is to be made. Perhaps in the closing discussion this matter will 
Bs From. the practicing engineer’s viewpoint, the following useful information 
by Mr. Hickox may well be further 

‘ A. The color of the ‘evaporation pan | is important as it affects heat absorp- 
which is one of the elements influencing evaporation. The e black evapora- 
tion pan used by the author consistently showed higher evaporation than the | 
white pan. — As would be expected, the difference was small during the winter | 7 
‘months. On an average, the black pan shows ed “oe more ev evaporation than 
the white pan. All pans were buried in the ground. 
ge Another important. fact ‘evidenced by the a author’: . records i is the higher 
evaporation from the deeper ‘pan. The pan 2 ft deep showed about. 10% 
greater evaporation than the pans 3 in. and 6 i in. deep and about 7% greater : 


= than the pan 1 ft deep. ‘Heat absorption by the water during the 7 ‘ 
Poot and less s radiation at night appear to | be the causes. Is it fair to con- 


| 


. ~ pan, if 2 ft deep, would give substantially greater evaporation i similarly 
exposed than the present standard d Class A 
it 


The writer has frequently warned against the acceptance, without reserva- 


tion, of a coefficient of 0.70 for reducing Class A evaporation to re reservoir 
“evaporation. In | California, Arthur A. ‘Young, Assoc. M. Am. Soc. C. E., 
- found that a _ coefficient of 0.77 or 0.78 should be applied to the records di : 
Class A ‘evaporation pans to reduce them to reservoir evaporation. Most of 


i the data ¢ on which the e coefficient « of 0.70 is based ‘were ‘limited to nai 


evaporation. However, it is a well- known fact that difference 


in fall and Senet in spring. An average coefficient is ene in the solu- 1 


of many problems | faced by the p practicing engineer. 
The author also calls attention to the fact, always r recognized, that evapora- } 
tion ‘occurs s even when ai air r and water temperatures, s some distance apart in 


a atmosphere and nit only diffuses but sets up convection currents | of its own 


Mr. Hickox tabulates the wind “Correla- 
- of Results of Other Experimenters: Effect of Wind | Velocity”) proposed by : 
five different investigators. most instances, the correction factor is to 
5 cies di “applied to the wind velocity observed near the water level whereas the writer’ 5 
= &§ = at, factor, 1 + 0. 1 v; refers to wind velocity measured about 25 ft to 30 ft above 
the ground or water surface. When that factor was first published i in 1915 


(61), writer ‘stated | that the wind velocity at 25 ‘ft or or 30 ft above th the 
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MEYER oN ‘EVAPORATION 
| ground was two and ‘one-half to three times | the velocity at about 1 ft above 
. the ground. When this correction is ; applied, , the writer’s factor for wind effect 
becomes practically identical with that used by Carl Rohwer, M. Am. Soc. C.E., 
and stated by Mr. Hickox in the list preceding Eq. 18, namely, cy 0.268 V.” 
_ Studies like those se of | Mr. Hickox are valuable and deserve encouragement. 
The practicing engineer, however, is ‘sorely i in need of records of air tempera- — 
_ tures above lakes and reservoirs and of the temperature of the water in lakes 
and reservoirs about 1 1 ft below the surface, under the diverse climatic condi- 
tions that exist even within the borders of the United States. The equations 
for evaporation available to the practicing engineer are better than the basic 
data which he is forced to use in those equations. Little is known about 
relative air and water temperatures in the arid regions where evaporation — 
C _ losses 2 are extremely high. Available records for northern lakes indicate that 
those of ordinary depth have summer water temperatures i in excess of air tem- 
peratures. Some scattered records for the arid southwestern states indicate 
that lakes and ‘Teservoirs of “ordinary depth i in that region (probably because 
of the high heat loss during the night by radiation and through high daily 
evaporation) reach temperatures relatively lower i in comparison with air tem- 


_ peratures than do lakes and reservoirs in the northern states where the heat 
received from the sun is relatively greater during the summer months than it is 
4 in the south. Water is a good absorber of heat. 

a ‘The rather comprehensive “study directed by the writer and published in 
1942 (62) would have been more reliable in regions where unusual climatic 
conditions prevail if ‘satisfactory records of comparative a air and water tem- 
peratures of such regions had been available. After the work was nearly | 
completed and it was apparent from the scattered records available that the as 
estimated water temperatures for stations in the arid region were a little too 
corrections were made for Yuma and Phoenix, Ariz. ; El Paso, Tex.; 


Roswell, Mex.; and ‘Fresno, Calif.; but. “neither time n nor available staff 


the co computed evaporation | . appeared to be somewhat high when | compared _ aes 
with pan evaporation records. — No data are av ailable on the basis of whicha 


gradual reduction from about 10% in the regions 1s of highest evaporation to- 


mero in about the central portion of western United States can be made. ame 


writer again however, against the use of of Class A 


raphy, 


= 


- 


Review, Vol. 67 (January, 1939), pp. 4-11. 
“Evaporation from F Free Water Surfaces,” by F. Graham ‘Millar, Co 
‘nadian Meteorological Me Memoirs, Vol. (1937), PP. 43-65. 
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Ww. Trans- 


Problems of Evaporation,” 
Dublin Philosophical M agazine and J Science, 


(56) “Some Connected with Bvaporation from Large of 
enue Water,” by M. A. Giblett » Proceedings, Royal Soc. of London, Vol. 
Series A, 1921, pp.472-490. 
(57) “Wind Structure and Evaporation in a a Turbulent Atmosphere,” by O. . G. 
Sutton, ibid., Vol. CXLVI, Series A, 1934, pp. 701-722. 
(58) “Observations of Vertical Humidity _ Distribution Above the Ocean 
Surface ond Their Relation to Evaporation,” by R. B. Montgomery, 
Paper No. 235, Papers in Physical and: 
Woods Hole (Mass.) Oceanographic Inst.,1940. $= | 

“On the Ratio Between Heat Conduction from, the Sea Surface and ect 
hi Used for for Evaporation,” by H. V. Sverdrup, Annals of N. New York rk Academy 
Sciences, Vol. XLIV, Article 1, 1943, pp. 81-87. 
— (60) “The Influence of Stability on Evaporation,” by B. Holzman, ibid., » pp. 
" (61) “Computing Run-Off from Rainfall and Other Physical Data,” by Adolph 
Meyer, Transactions, Am. Soc. C. E., Vol. LX XIX (1915), p. 1056. 
sad “Evaporation from Lakes and Reservoirs,” by Adolph F. Meyer, Minne- 


sota Resources Comm., St. Paul, June, 
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STABILITY AND STIFFNESS OF 
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ILLE 


criterion for determining the proper ‘width of a cofferdam 
structure has gr grow n out of past experience. — gt Under the percep it seems 


Credit for the. cireular cell type of cofferdam must be given to Maj. -Gen. 

‘Harley B. Ferguson, M. Am. Soe. C. E., Sorps of Engineers, U. S. 
(Retired), and to the late C. S. Solan i . Am. Soe. C. E. General (then 
Captain) Ferguson used the cireular steel cell method in the raising of the 
battleship: Maine in Havana harbor in 1910 1911, and this s application 


stimulated much interest in the use of cellular cofferdams for other projects. _ - 


There are several advantages in the circular cell type of f cofferdam for — 


dam construction. The most important advantage ct concerns the v very common. 

_ situation in which the upper arm of the cofferdam must be extended hersyad 


~ the river against the current. The current, of course, , beco 
the structure is extended and the channel becomes correspondingly « uated. : 


_ Furthermore, there is alw ays the danger of freshets; therefore, it is distinctly | 


_ advantageous to fill and make each | main cell ate as soon as it is in place. 


MILL ER & wer ope" 


| 


The be filled with sand, or as 
; these materials compact almost as soon as placed, ‘especially if they are well — 
_ saturated. and if hanes cells must resist distortiona and provide the greatest frictional 


Me 


reds 
Norz. —This pay paper r by Karl Terzaghi w. ‘was published in September, 1944, Proceedings. Discussion on 


Pennoyer; February, 1945, by Dean P. Tsagaris; March, 1945, by R. Colburn, Hedman, and 
Adolph J. Ackerman; and ‘April, 1945, by Savile Packshaw, and Martin W. , Lautz. sth ; 


Senior Vice-Pres., Dravo Corp., Pa. 1 
Received by th 


this paper has appeared in as follows: December, 1944, by G. Raymond P, 
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iu until all the main cells are driven, thus providing partial relief of hydrostatic — o a 
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to sliding. Generally, it pays to dredge the a area, the 
cofferdam i is to be built to within 10 ft, or better still to within 4 ft or 

of rock before driving piles. s. Thus, the chance of the sheets encountering 
"boulders and injuring th the interlocking joints is reduced. 
Most frequently, the diaphragm-wall type of cofferdam is used in protected 
areas (in this case, parallel with the current and relatively close to the protected — 
a: sh re), whereas the circular cell type i is used when fighting currents such 1 as are. 
encountered on dam construction. Care must be taken in placing the filling - 


in this single connecting-wall l type of cofferdam. _ The filling must be stepped 


The decision as to whether a circular cell. or single cellular. 
ae of coffer be used also depends « on the depth and character of the material 
the steel piles are driven. The single connecting-wall coffer 
“should not be used where the sheets are driven through boulders as s the sheets. 
- may drive out of the interlock. It is difficult to repair this type of coffer 
because of the necessity of removing | and replacing a large amount of ‘fill. . 
Furthermore, the damaged sheets x may be in the cross-wall where the break, 


is concealed. In the case. of driving boulders, is 


down from cell to cell to avoid ‘distortion of the cross- ss-walls. After being 


“The single connecting- -wall type of coffer, has ‘the of 
metry - stiffening the coffer against deflection, especially in cases where the sheet piles 
are not on rock and are driven below the excavation | line. The d decision as to 
= which of these two types should be used is largely a a matter of judgment. a It 
< ae important that the sheets be long enough to permit driving into firm material 

writer’s fire. has conformed very closely to a width of cofferdam 
equal to the height. the walls were parallel, the width 
_ should be approximately 83% of the height. — However, because of the loss of 
; - width due to curvature of the cells, an over-all width has been fixed arbitrarily 
_ that is equal to their height for | cellular construction. ia 6-in. concrete cap is 


customarily placed on n top of the are the whirler 


_ some damage to the concrete, and a small amount of "washing out of the filling ; 
material, may occur during floods, a nd requires careful watching and 


many cases the sheet- pile | interlock would probably h have 
aa in strength to allow full hydrostatic head to the top » of the sheets on the inner side 
the cofferdam. _ Nevertheless, the writer and his associates do not like to 

ery good insurance to burn holes through 
Eaicg the webs of panes sheet piles on the i inner side of the cofferdam to insure the 


ck drainage of each cell to ) within at least 5 ft of the bottom of the e “excavati mt 


J This is one ‘point that is insisted on because the writer has known of one or 
two instances a cofferdam failed with river ‘stages about 
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May, 1945 > “MILLER ON CIRCULAR COFFERDAMS 
to the to top. i Probably, the cell first filled with water and one o or more re of the: 
interlocking joints were not sufficiently strong to withstand this hydrostatic — 
head, with the result that the inner wall failed first; and, of course, the outer 
7 wall also failed after the rupture of the i inner wall permitted the coffer filling 
to become displaced. - The draining of the cells on the inside does not ond 
— narily result i in an increased 1 leakage because the outer row of sheeting should 
exclude the water from the cofferdam area. 
writer takes exception to the statement (see “PartI.. Practical 


Considerations: Permeability of" Cellular and of Their Sheet- Pile 


if the TOW [of sheet piles ] nae « 
- quantity of seepage ‘escapes: through a sheet-pile wall—either through the 


interlocking joints or + under the sheets—but the leakage through the inter- 
locking joints is practically nonexistent except i in coarse material. * One of the 


reasons for using long sheeting is to prevent water from descending on the ; 
- outside, passing under and coming up on the inside of a sheet-pile wall, and 


_ thus tending to loosen the material into which the sheet piles are driven, 
resulting i in danger of ‘settlement or loss of bearing } power on the inner dhect- 


‘The made ‘the: further statement. (see heading, “Part III. 

that “The assum ption that the w holes in the i inner wall of 

cells filled with sand suffice to drain: the cells is not necessarily’ justified.’ 

herever possible, in ‘the: writer's experience, sand and gravel are > used for 

filling cellular cofferdams. 

in the i e inner row of a certain number of sheet piles in ¢ each cell and the progress _ 

of dewatering the cofferdam is limited by the progress of draining the individual 


cells. When the cells. do not drain fast enough, the of the cofferdam 


this moisture line is too high, yeh aa! holes need pl be burned in the aa or 
the previously placed drain holes have become clogged. ~The important thing 
ig is to eliminate hydrostatic pressure against the inner row of sheet piles. — “ele 
Although: it is obvious that the water in the fill material on the side 
the cells is doubtless at a higher elevation than t the water on the 


his associates usually provide a safe resistance against bursting of the cell — 
. hydrostatic head to an elevation one third of the height from the bottom 


— hydrostatic head. In the design of cellular called the writer and 


“he The author’s s reference to boils on the inner side of cofferdams is most 

_ emphatically commended. x Unless they come from a deep porous stratum, , these | 
boils usually t be reduced by the use of sheet piles and careful 
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Discussions 


important | for the simple r reason that it ‘usually tends to reduce the hytvoctatic 
head on any boils that may develop on the inside of the cofferdam. 


| 


prevent boils inside the cofferdam, it is sometimes advisable to place 
a at berm or blanket on the outside of the cofferdam; thus water cannot descend — ai 
_ — and p: pass s under the outer row of sheet. piles. Fundamentally, the outer row of a 
i. sheet piles is the line of defense at which 1 water should be stopped and held. BF 
oa |The i inner w all of the cofferdam should be considered as the stability side of | 7 
i _ * 4 the structure, and for t this reason the same length of piles should be used on S] 
the inside as on the outside. case of trouble due to boils, a berm should 
a be prov ided on the outside lone it usually results in reducing or eliminating ge 
= soil From many tests of the strength of interlock of the various types of steel 7 
piling the writer has found that ‘Sections M- 107, M- 108, M-112, and M- 113 


the Carnegie piling, and their counterparts which are manufactured under 
other designations by Bethlehem, Inland, Weirton, and other steel companies, | 

are the sections best adapted for cellular. construction. ¥ In general, the : strength % 
Of these sections lies in the interlocking joint; and, as a general rule, a closely _ ai 
: ‘fitting interlock i is stronger than an interlock with wide grooves and narrow — asi 
= _ tongues. In addition, one can | predict the strength of an interlock almost 7 of 
ee exactly | by 3 measuring the difference betw een the widths of the tongues and the § for 
widths of the grooves of the individual sheets involved. Obviously, the att 
ong the interlocked joint is, the better (even if the sheet pile may fail in of 
the web rather than in the interlock), for the very simple reason that the th 
a interlock i is liable to be injured during driving; and the heavier the interlocked shi 
joint is -made, the less likelihood there is of damage during driving. a 
Another danger is the occurrence of too much carbon in the steel. el. There (a. 

° should never be more than 0. 35% carbon, and preferably the carbon content for 
- should be just as close to 0.30% as possible, : except | that, in the case of sections 4 ax 


3 that hav e to be bent, the carbon content should be very, little more than 0. 25%. 
one case, three cells of a cofferdam split. ‘open from top to bottom right 


a through the web of the sheet due to the fact that there was too much carbon a 

oP 5 a the steel, and large ice cakes pounding over the top of the cofferda £ ti 
Ae in ge ice p ng : p offerdam cause ic 

ae ie Ona few occasions, trouble has been experienced due to lamination in the. pr 
i: Ss web, and even in the steel-pile interlock, in spite of careful inspection both “2 * 
the mill and at ‘the site of the work. Such failures, although quite discon- 
“Segue certing, are very rare and do not warrant condemnation of the use of steel eC 
_ aim piling in cellular construction. _ Extreme care should always be taken, how ever, 2 th 
with the interlock to insure that it is properly rolled and that shine no nx 


yet, ‘much is to be learned about the uses can be m ade: of 
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STRESSES IN THE LININGS OF. SHIELD- 


unded 


Jacos M.A Am . Soc. C C. complete mathematics! 

of stresses in tunnel sections, based upon assumed loadings and resulting de-— 

formations of a circular ring, has been developed in this paper. The method of — 


attack the resulting tobular data Prov useful for a Tigid: solution 


the validity of the assumptions as ‘to the soil materials voor as to the relation- 
ship between acting loads or resisting reactions and deformations of the ring. 
_ All the forces acting on a shield- driven tunnel can be divided into two classes : 
(a) Those acting in] planes normal to the axis of the tunnel in the form of radial 


forces and tangential forces ; and (6) those acting parallel to the longitudinal 


axis. It must be kept in lead that the problem is a space, or three-dimen- 
sional, problem and that the longitudinal forces will affect the radial forces and = 
_ The science of tunnel design is dependent upon the art of tunnel construc- — 
tion. _ It is a serious mistake to design a tunnel without considering the feasi-— 


bility of construction and also” the conditions under which construction 
Ina an indeterminate structure of the type deonitie in this paper, the dis- 
‘tribution of stresses is dependent on the strain or shape of the ring. ’ If the 
‘construction of the ring is progressing in a perfectly fluid or liquid medium, 
the reactions are determinate. Even in this medium, the shape of the ring does 
“not remain circular, although | the balancing effect of the air pressure tends to 
diminate the ‘required | vertical resultants acting outside the ring. if it were 
‘possible to vary the amount of air pressure at various heights within the ring, — 


a perfect balance could be obtained and the only deformation y would be a — 


4 Note.—This paper by Anders Bull, M. Am. Soc. C. E., was published in ee. 1944, Proceedings. ‘ 
_ Discussion on this paper has appeared in Proceedings, as follows: January, 1945, by J. A. Van den Broek; 
1966, by Nathan D. Brodk cin, A. Drucker, and Sigv ald Johannesson.” 
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ON TUNNEL ‘STRESSES 


If the bdeisal is being cnitinnniid in a solid material, of { sufficient internal 
resistance strength to. permit immediate transfer of loads beyond the limits of 

; the « excavation, there is no. reaction on 1 the ring, and, of course, in this case no 
is necessary. It should be remembered that, in some solid. “materials, 
tunnels bored without shields a1 and without rings do encounter trouble from the 

-_ “lateral, and sometimes also from the upward, squeeze of of the rock or earth into 

‘The case considered by the author is that of a tunnel in a , saturated soil 
material. In this case the author makes the basic assumptions that the active 
bois pressure acting at any point i in the ring is s independent of the amount of ring 


deformation, but that the magnitude « of the soil reaction at any y point i in the ring 
is directly proportional to the amount of the outward deformation from the 


theoretical circular shape. — Information on soil reactions does not warrant 
“4 such an assumption. | ‘There i is no doubt that there can be no soil reaction w ith- 
out a strain. The value of the active pressure at any point is dependent upon 
= the deflection at that point. This phenomenon was described a number of 
- times by the late James C. Meem, M. . Am. Soc. C. E., and termed by him 
- “arching action over the tunnel.” Mr. -Meem stressed that the effects of the 
- compressed air r would be be (1) to dry the soil locally above the e shield, and (2) 
to form localized arches of rigid soil which would relieve the vertical pressure. 
The distribution of active pressure depends upon the change in shape of the 
upper portion of the circular ring. In general, those portions which deflect 
least will carry the greater part of the total load; and, conversely, those por- 
tions which deflect nan will carry less than their ‘share of the total load. _* 
Ba The amount of soil reaction at any point depends 1 upon ‘the amount of dis- 
placement into the | soil at that point. —Itis questionable whether the relation- 
ship is linear. Of course, even if the relationship is is linear for small deflections, 
the materials ; encountered in shield- driven tunnels are usually quite plastic, and . 
— Just what the actual con- 
ditions will be at any one time and just how long the conditions will 1 nae 
static are items of of necessary information, which are lacking. Oe 
However, it seems necessary to design a ring for the went of f each 
: series in the various stages of construction. 1 When the shield is shoved ‘for- 
a ward, there must be an annular: ring of soil mixed with water and air  surround- 
ing the entire perimeter which is substantially fluid. Just how long the ma- 
terial will remain fluid depentls upon the nature of the soil in which the tunnel 
is built. he less ‘clay, the material contains, the sooner the liquid state will 


— 


gel as a result ‘ol the shield compression ‘movement, a liquid 
‘ring may e exist for a considerable length of ti time. e. The tunnel — must 
take such a possible. state into account. ing 
Te “hel Farther back from the shield, the soil will be in more intimate contact wit: ith 
~ the ring. If the soil has sufficient solid characteristics, the change in the shape 
of the top portion may relieve the center section of the expected load and will 
then transfer practically all the active pressures to the sides of the tunnel ring, 
and possibly a large | portion also to the adjacent soil. This is the condition 
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M ay, 1 a 
As the shield is pushed wi 
of the ‘shield, the shear strength of the material penetrated is overcome by 
compression against the compressed 1 rings. +R these ‘Tings are in intimate con- — 
tact with the outside soil, a _ portion of such force is transformed into the soil 
in the form of a longitudinal compressive strain. Such a strain will disappear 
into the soil farther away ay from the. ring. ¥ This action shows as a relative tend-_ 
ency ¢ of the ring sections to separate, as if the longitudinal length increased or 7 
expanded. ‘The result is the formation of hair cracks or separations in the 
tunnel lining, having t the appearance usually resulting from the shrinkage of the 
om “When some methods are developed for measuring the distribution of radial _ 
forces and tangential forces during the various ‘stages of construction, as “a” 
as for m measuring the actual values of such ac acting forces, , the necessary dota a oe 
be available for a proper use of the author’s design procedure. . Until such 
information is available, it seems. very doubtful to the writer that a radical 


decrease in tunnel lining weight and thickness can be, or should be, proposed. - 
Correction for Transactions: In February, 1945, Proceedings, page 246, line 3 


following Table 17, after “K = 12” insert: “A lateral displacement of 0. 51 in. 
at joint . E (Fig. 4) | due to active loads was applied to Mr. Drucker’s formulas for — 
the passive pressure and the resulting moments were determined utilizing the 


author’s B-constants from Table 
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STRUCTURES USING REDUCED 


‘Discussion on 


| 


mathematicians to add to modern calculus, 
since the basic formula, Eq. 1, of the paper was set up and used by them i 
‘discussions of “proportionality. The development of the ‘idea to assist 
‘modern engineers, when infinitesimal differences have to be computed, no 
doubt: will have a much greater scope Dean Johnson has so 
“Influence lines for horizontal reactions in arch bridges | have been n developed — 
before, but never so easily y and gracefully. On this account, one may say 
- that the ‘procedure presented in the paper is too late and no longer needed. 
| This i is not so, however; there is always room for a more graceful method. — 
g of a type, clearer 
“comparisons of different arches ¢ or of loadings unusual loadings) for 
ra various designs, comprehension of the | stress behavior near the danger limits : 
i hae or unusual loads and for comparative alternates, and d knowledge of how to- 
use materials to the best. advantage. Engineers ca can afford to spend m more- 
time o on all these questions, a and they will build better balanced as well 


safer structures doing so. 


= 


the vision into the young the presents 
7 more than a vision; it is a challenge to build — with de cnnaitenaten: 
bridges but all kinds of indeter 
_ Indeterminate structures often involve. incrementa, and the 
a should be applicable to such problems. The w writer expressed similar thoughts — 


oe Hardy Cross, M. Am. Soc. C. E., first presented his great. vision . 


_Norg.—This paper by Lee H. Johnson, Jr., was published in November, 1944, ‘Discus 
ion on this paper has appeared in Proceedings, as follows: February, 1945, by Josef Sorkin. as? ee 


8 Engr., Carbide & Carbon Chemical Corp., South Charleston, W. Va. a 
Received by the Secretary March 28, 1945. 
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ON FLOW EXPANSIONS 


e relaxation. How well that was justified is now dun. The writer 
hopes sincerely that his lis present forecast will be equally justified. _ . 


LEON BEsKIN,® Assoc. M. Am. Soc. C. E.°*—The transformation of crude a 
ini well-known rules of the thumb used in preliminary design into a method 4 ‘ 
of analysis for indeterminate structures has been attempted | in ‘this / paper. 
It appears to the writer that this effort is misleading, because the examples _ v 
selected and the internal | forces « computed a are so chosen that. they lead to 
erroneous general conclusions. _ For the ‘special problem (hinged arches) for - 
which the method has been developed, the charts and tables already available 
give enough information for preliminary design purposes without resorting to 
the author’s approximations. Among such tables are those prepared by 
Eduard Winkler and presented in a French manufacturer’s catalog and hand- a 
book.!® These tables are computed for two-hinged arches, for built-in arches, 
and for various ratios of rise to span as w well as for differences in moment of 
inertia along the span. — Maximum positive and negative moments are given, 
as are re the corresponding 1 vertical and horizontal components of the force 
| applied at t the centroid, under the action of a uniform live load. ‘The fraction 
lus, of the span along which the live load is distributed is chosen to obtain the 
maximum moment. Tables of this type have considerable interest for a 
sist designer, and the author could have served his stated purpose better by com- — 


“no & Pleting existing tables of influence lines for arches of various proportions. _ eae 


tly Theoretical Considerations.—The fact that basic principle is one of 
ra simple arithmetic” "(see heading, “Basic Principle”) reveals one limitation of 
ped | ‘the author’ 8 development: : The designer must assume that factors of the type 


of M y y are invariably plus « or minus—never both. a Otherwise, it is | obvious | 


that the value of a fraction such as that o on the left-hand side of Eq. 1 (Ga = 


which « a, and co have , opposite | signs) is not represented, to any degree of 


say 


for “opposite signs. _ Thus, the value of he e redundant defined by the first, fraction 
nits Cannot be found by application of the author’s method. 

to x It may appear that the method is acceptable when ratios s such aS dn/Dn , 
(ge Eq. 3) are approximately equal, so that the error G—which the author 
as designates a as “difference term’’—is small. In this case, however, the method — 
lead to an even more serious failure than Ww hen the error is great, 
fine may be observed by comparing concentrated loads (large values of G) and 


distributed loads (small values of G). This fact can be demonstrated theo- Bie 
as values of the by the correct 


7 


‘Gtions, Am. Soc. C. E., Vol. 96 (1932),p-1, 

* Design Specialist, Consolidated Aircraft Corp., San Diego, Cs 
* Received by the Secretary March 30,1945. = 
» Acitri es de Longwy, Longwy Steel Co., Paris, France, 1928 Ed. 
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_BESKIN ‘ON FLOW EXPANSIONS Discussions: 


which | can be. considered as statical moments. Introduced into Eqs. 33, the 
thrust correction is found to be equal to zero if the approximate | formula 


is used, or to G if the correct formula (Eq. 33a) is used; ‘tie: 


_ The final moment Mo can be expressed in terms of M’ by the relation: 
a = M— H y = Gy... 36) 


Since M and y are assumed approximately proportional to each other, the 


quantities: M’ are very ‘small in comparison with the quantities” M. Thus, 
@ y and M’ are of the same order or magnitude, /and the error resulting from 
the u use of H’ (leading to M’ ) instead of H (leading to M ay may yield consider- 


able differences: between the moments, | although the thrusts are ‘practically 


ey Application to a Two- -Hinged Arch .—The significance of the foregoing com- 
“ments can be applied to the paper under discussion by the analysis of a tw O- 
hinged parabolic arch, under two conditions of loading. The following 
_ Parison is made between an arch 


theformula, 


which , the distance x from the center rine, 1 The 


constant 6 be Positive or negative. Eq. 37 defines the arch ribs of types3 

ad 6 (Fig. 5(b)). The extreme values of m and m’ are + 40 and — 0. i 
(see Tables 3 and 4), which correspond approximately to B= mae! 0. 975 a 


B = 40, since the relation between m (or m’) an and Bis oF 


‘Case. (a). Two: Symmetrically Placed Concentrated Vertical Loads | (P)— 
The expression for ‘the | thrust is (see Fig. 4, with a = 1 — a/l): | ian 


a) 


gi 


“The fi final al value 


—_ 


— Introduce the momer 
¥ 
J 
— 
— 
q 
= 
— 
— 
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’ May, 1945 

- Table 8 contains the coefficients for t thrust and moment, resulting from the 
ie pata of Eq. , 40, for various values of a and B. _ Moments are determined ~ 


at the points of application o of the concentrated loads. i. Percentage errors in 
thrust and moment, as related to | the “basic arch” B= = 0), are included for 


_ TABLE 8.—InFLUENCE VALUES RESULTING FROM Eas . 40 AND 430 


af i Moment, == Moment, —— 
TP 


& 


tion (%) 
‘ i... 


(0.551 |] -3 | -1 | 0. 101 | +12 | 
3] Y 102 | +10 | +1 


values, which reach 37%. He has reduced the error in thrust (which reaches: 


to a of 6% (see line 14 preceding Eq. 26) by the use of 
——-, arches with varying moments of inertia that have no relation to the — , 


‘basic arches introduced at the beginning of the paper. — ‘Since the object of 
_ the paper is to establish a method based on | the ‘properties of the basic geo- 
_ mnetric arches, it seems inconsistent to use arches with varying moments of 


; ‘is an n apparent compromise between the actual a arch and the | basis arch, which | a 
the w writer cannot accept as tenable. 


Case” (0). Distributed Load (w). Consider a 
When the ratio W2/Wo is small, the load is approximately uniform; and, when 
. the ratio is large, the variation in load is relatively great. Then the formula ‘on 


46+ 


ms 
= 
— 
prone 
it 
36) 
the 
om 0.975 | 0.802 
0-900] 0.800 —0.00956 D4 
lly +20 0.708 | 0.580 | +10 202 0.100 | —29 | —0.0212 —44 
uly 440 | 0.676 | 0.590 | +15 | +6 | 0.325 | 0.179 | -—32 | | -0.0254 
vO- La 4 
ym- 
37) 
— 
The 
— 
975 4 
38) — 
— 
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Discussions 


i ss of the moment and of the er ror santo from the use of the basic 

arch for this. condition are included in Table 8. : show that errors 
There in the case o of distributed loads than in the case of concentrated loads. 7 
‘The relative error in 1 the value of the thrust i is a a function. of the ratio p = Wo/ We; 


2648) 
(48) 


Eq. 45 shows that, with a p per choice of p, any arbitrary value wee * 
“selected. For instance = — 2, the approximate value of the thrust is. 
_ Loading conditions that lead to such results are e not theoretical. ' For 


prema in frames, used to reinforce a shell structure such as an airplane 


fuselage, i it is possible to find cases for which the frame tends to open or close 


ke 
7 under a given applied load, depending on the distribution of the moments of — 
inertia. ‘Thus, depending on the structure, there may be thrusts of o opposite. 


signs—a fi fact that cannot be shown if basic arches are used. 
Incidental Comment —The author introduces expressions such as 


_ ence term” and “reduced equation” _ when the expressions, “error” and 


lS equation,” are well known and fulfil the same requirements, 

obscuring the ‘approximate character of the method. The expression, 

of ordinates,” is loosely defined. For instance, in Fig. 1(c), 

ere is no reason to assume that the correspondence i is stopped precisely at 


the center line. + The concept of ‘ ‘correlation, ” which has a definite significanc e 


statistics, could be usefully applied, because it would supply a definite 


quantity to express the “degree of correspondence’ ’ between various curves. 


i The author has devoted too much of his paper toa description of elementary 


loads and the expedient o of integrating half when deter- 
mining the thrust « due to one load. The distinction between m and m’, to 
separate positive and negative values, leads aha writing of two sets of 
A A difference i is claimed between parabolic and arches, Ww vhich a actually 
~ does not exist. For example, in the sentence following Eq. 27 , the au author 
states: ‘The influence values: [for circular arches] * * * are not a a linear 


ix function of L/h, as in the ease of the parabo ola. ie This is correct for a true 


“basic arch’’; but, because the author uses a substitute basic arch in the case at 


profile for ‘expediency (in which J dz/ds is constant, instead of J ), 
eu, he finds that the thrust i is a linear function of L/h. If. a similar adjustment is 


> arches, the of be : show n to 


the 

analysis of structures. With a few exceptions all concerned 

methods of successive approximations), these Proved failures. 
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By Rat PH E SPAULDING, AND. JAMES H. 


E. SPAULDING,  M. Am. Soc. the study of column 
formulas it is not generally. recognized that Euler formula, 


& 
Kee 


; 
= true theoretical values of P/A for all values of L/i f from zero to infinity — 


when, and d only when, the yield strength i is equal to the modulus of elasticity 
; (o, = = E). - Since this relationship does not exist in metals, it is necessary to 
modify, or complete, , the Euler formula in order to adapt it to any required 
This may be done by introducing the yield-strength factor into the 


Eq. 35 can be applied to any 1 metal that follows Hooke’s law by simply 
y inserting the sin so values of o,, E E, and the end condition factor K.W saad 
_ oy becomes equal to E , Eq. 35 reverts to the Euler formula. — . 
be It i is interesting to test this formula in connection with available data 
~ concerning the values of. Cy and E. In Fig. 2(a), the writer has plotted Eq. 35 
for values of Lit as high as 400, for three metals ' with different characteristics. a 
this formula fulfils all the desirable requisites a column formula’ 
the the yield strength and of elasticity are known, the values 
ay be inserted in Eq. 35 and the resultant values of P/A may be determined — 
with reasonably dependable : accuracy for all values of the ratio of slenderness. _ 


Te Nore.—This paper by William R. Osgood was published in December, 1944, Proceedings 
on this paper has appeared in Proceedings, as follows: February, 1945, by I E. Grinter, Geor 


Jonathan Jones; and March, 1945, by Edward Godfrey. 
ix ise Received by the Secretary February 26, 
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ACTUAL WORKING CONDITIONS 
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M ay, 1 945 
‘There isa distinction between the column for the determi- 
nation of allowable stresses in columns as built in engineering structures and 
- formulas that reflect the probable ultimate load on columns at failure under 
laboratory conditions. Probably the author did not intend to open for 


Gecumion the Telative merits: of these formulas. The column | 


[an of unexpected eccentricities and undetected defects in — 

and erection, the design of columns for practical u use becomes more a matter 

of judgment and experience aided by theory based on observed laboratory _ 
. tests. The laboratory tests indicate the maximum limits beyond which the — 

be Hundreds of formulas have been devised, and for the 


of the w working stresses in columns. _ The writer takes the liberty of suggesting 

Aa In. columns, a as built into structures (in contrast with columns tested under 

"perfect laboratory conditions), the end condition factor, K, is a variable 
rather than a constant. For example, in a flat end column this factor would 
_ be 4 when the column was very short; but, as the column became relatively — 

- longer and the effects of manufacturing defects, residual stresses, etc., began 
to have more influence on the ultimate strength, the factor should be reduced. 


in accordance with the formula is 
A simplified ond lovely approximate of Eq. 35 with the factor 


and, by inserting the va value o ak K proposed by Eq. 36 for | es. K- value in Eq. 37 


Kr 
“thik is the writer ’s suggested ¢ column formula sor: allow able 
in columns as built. The value of the end condition factor, K, still remains 7 
be inserted i in accordance with the actual initial end condition. The factor of ie 
a safety can best be determined by judgment of existing conditions and require- ; 
ms oe Eq. 38, like Eq. 35, is applicable to any metal or alloy that follows Hooke’s . avs 
law and for any value of the ratio of slenderness—in contrast to many formulas: ert 
applicable only to one metal and often only within a narrow range of 
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Discussions 
In Fig. 2(b), curves are plotted. from 38. curve ve a? 
’ a plotted from Eq. 35) shows the probable ultimate column strength | under — sut 
for an. alloy with the “properties. indicated in Fig. 2(b), 
‘- whereas curve B for the same metal, and for actual working conditions, gives an 
suggested maximum design be before re application of a desired of sh 
safety. Curves and F (Fig. 2(b)) are of the same t type a as curve B. stt 
C and D the comparison in column strength between two 
metals having the same yield strength but very different moduli of elasticity y = 
and curves D and F illustrate the difference between two metals having ‘the: pel 
modulus of elasticity but quite different yield strengths. hen the st 
ratio of slenderness is from about 120 to 140 » column C has an allow able yl 
working” stress” equal to twice that of column although the respective yield of 
strengths o of the columns are the same. — Column D has an 2 allowable w working Us 
“stress only twice that of column F, whereas the yield strength of metal D is st 
four times that of metal put Telationship may be verified by reference 
actual test data. In other words, as has always been known, except for very. gu 
re 


_ short columns, a high elastic modulus is of anne economic importance than 


JAMES H. M. Am. Soc. C. E. ~ “Symons the author 


_ “The * * * requisites of any column formula tee a that the average — 
- stress be a continuous, monotonically decreasing function of the ratio of. 
- slenderness and that it approach the Euler value as the ratio of slenderness 


ta 


< It may be | sated whether this requirement in itself is an objective of © 

formulas for compression members. The main purpose of any column 
should be to express, in convenient form, the behavior of a column in terms — 
. Summary” states that ‘ “There i is little to be said for a formula on the © 

grounds of its simplicity < ” This’ view ypoint completely i ignores the need 
¢ the practicing engineer for a | procedure of of estimating: the ca capacity of a given 


crushing the ‘material; (2). ‘column failure o: or ‘unsupported 
length of the member (in this type of action, the cross sections are translated — 

laterally i in the direction of least resistance of f the member) ; (3) torsional failure 


“4 in which the cross sections are rotated with r respect to the longitudinal axis of 
San member; and (4) plate buckling or local failure of elements its of t the section — 


heck 16 Prof., ‘Structural Eng., Asst. to Director of Eng. Research, ‘Univ. of Michigan, Ann Arbor, Mich. | 
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i Failure (1) is the type that oot occur in very short member (Ut less © 


than, say, 20) with elements or walls of such ratios of width to thickness as 


are necessary to preclude local wrinkles or buckles. Paracel specifications 
such as those of the American Railway 

or the American Institute of Steel Construction preseribe minimum thisknees m. 
and maximum values of width to thickness for plates and elements; and, hence, 
short x members complying with s such Specifications will not fail until the ost 
stress i in 1 the has been developed by an axial 


‘and -erookedness of member. If ‘the thickness of 
elements 1 is sufficient to prevent local wrinkling, failure will not occur until the 
stress on the extreme » fiber due to direct stress and bending has reached the 
yield stress of the material. The appraisal of this action is the general purpose 
of column formulas, and the unstated assumption incorporated i in the commonly 
“used equation is that the elements of the section are elastically stable for unit 
stresses up to the yield stress of the material. 
on Failure (3) represents : a twisting of the section with respect to the ieee. 
tadinal axis, and is particularly likely to occur in members lacking torsional 
resistance, , or subject - to eccentric loads. . It does not appear to have ; great 
practical importance for- members with the proportions usually found in 


average structures, but may become significant for unsymmetrical sections or 
for long, slender members. 


Failure (4) is sometimes called local failure buekling of elements 


‘ping the section. Current specifications attempt to eliminate this type « _-, 
failure from consideration by specifying minimum thic ‘knesses and proportions 


of. such as outstanding legs of angles. limitations ‘merely 


bars a result of its extensive peu of steel ee the Society’s Special 


Committee on Steel Column Research® recommends the secant formula 

best interpreting | ‘the test results. Allowing for adaptation to ‘the author’s ro 
‘notation, this formula i is commonly expressed in the form: __ 


by in which oy is the allow working stress; is the safety Sector equal to 


ted unity for ultimate | load; Pi is the ultimate axial load; oy is the yield strength 
ted . of material; ‘A is the cross-sectional area;a is 3 equal toe ‘elit equal to the eccentric . 
— ‘ratio; vis the radius of gyration of section; is comes length between inflection 


tion 
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the ultimate axial load on columns that fail in 
Soc. C. E., Vol. 98 (1933), p. 1376, 


-CISSEL ON COLUMN FORMULAS| 


r (2). It cannot be safely applied in the form expressed in Eq. 39 to thin- 
ie walled adios or to members that are critical as regards torsional resistance, 
- Moreover, since it is difficult in practical cases to determine precisely the value 
7 - Dat: the eccentric ratio expressed b by the term a in Eq. 39, the use of a is incon- 
: wil venient for practical design purposes. In recognizing the latter ‘objection, 
vis _ the Society’ 8 's committee recommended?® the use of an average value of 0.25 
es 2 for a, and a parabolic equation for values of lV’ /i to 160. In following this 
=i "recommendation, the A.R.E.A. permits the use of the following f formula for 
allowable working stress on structural grade steel 


4 
Eq. 40 gives ‘a close approximation of obtained from. Eq. 39, when 


gy = 83,000, a = 0.25, = 7/81, and n = 1.76. It should be observed that 
Eq. 40 will produce results consistent with those obtained by the ‘secant 
__ formula, only when a = 0.25. . This value, set by the Society’ s committee 


7 after a comprehensive study of the tests, provides an allowance for eccentricity 
z of loading and eccentricity due to crookedness of member, as sane 
ind Eccentricity due to crookedness = 0.10 i2/c - 
‘Thus, for a cross section whose radius of gyration is 0.8 ¢, the load is assumed 
i s to be applied : at a distance of 0. 096 ¢ fre from the axis, , and the » deviation « of the # 
4 Bs 7 axis from an absolute straight line is assumed to be 0.064 ¢, regardless of the f- 
length of the member. Also, the for was based on 
to tolerance o —l fora * member with length = 100 i, and with a radius of 
gyration i=0. 8. « effect of the eccentric ratio in producing variation in 


of P/A is shown diagrammatically i in Fig. 3. 


_ Considering the fact that, in nearly all actual cases, the allowances for 

in the secant formula are mere guesses, the writer prefers the 
Johnson formula as a means of estimating column capacity. _ This f formula 


expresses the behavior | as a parabolic curve tangent a the Euler curve when 


in which lis the unbraced ‘nat of member and C is a factor determined aad 
the conditions of end restraint affecting the member | (1.0 for hinged ends and 
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secant formula is in 1 Fig. 4. 
Since Eqs. 39 to 42 apply only to cases where failure i is of the types described 


Discussions 


ah.) ‘ 


= herein : as failures s (1) and (2), they cannot | be used without modification has! a 
thin-wa alled sections where width: thickness ratios of elements are outside the a. 

limits set by such specifications as those of the A.R.E.A . For sections outside 
width: thickness limitations, the ultimate resistance is less than the ‘yield 
— _ Strength | of the material, and is is determined by ' the elastic stability of the ele- ‘| 


ments composing the section. ‘The maximum critical load on such sections i is 
—_ s that load which will induce the average critical buckling stress in the elements 
_ comprising the section, and Eqs. 39 to 42 will not he effective for loads nell 

3 than this value. - The approximate value of the critical buckling stress for a a 
a section composed of rectangular- shaped elements of area can be determined 
A by application of the Bryan-Timoshenko ) formula for critical stress in the 


a (a) Assume the see sections to be: divided ‘into rectangular elements, or plates, 
attached to other similar elements at one or both edges. 
its. _ (6) Compute the value of the critical stress for each such element from the 
Bryan-Timoshenko formula, a, and ¢ designate the ratio of this value to the e yield 


stress of the material as the factor for the element . The Bryan- -Timoshenko _ gr 


formula for the locs local stress in rectangular plates may be written in re 
which ¢ is the critical unit stress; is the plate; bis the w width ac 
of plate; is Poisson’ s ratio (0. 3 for r steel); : and Kisa coefficient determined 
~ primarily by the condition of edge : support and restraint. It. should be yerwa ‘su 
that, in Eq. 43, 2 2 must not be taken greater than unity. 
aw ‘Compute the value of the form factor F for the entire section as the ol 


in rg is the width of any element and ?’ is the thickness of any element. ‘ 


* 


The form factor, F, represents the approximate ratio of the average critical - 
stress on the section to the yield stress of the material, and the limiting value 
Since, the formulas presented i in a this paper snap limitation based on 


<€ sections whose form factor is less ena unity. 
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| UTILIZATION | OF /GROUND-WATER 


ow. Sorr,* M. Am. Soc. C. Ground 


the economic development. the midwestern and western states. That 

ground- water storage is an important factor for preserving water resources is 


recognized by artificial recharge i in certain localities and | by limitation of the 
pumping draft to the safe yield in other areas. 


The author mentions the recharge of ground- water basins by diverting 
to} which are not being used. ‘This practice generally has not been 
successful because of reduction i in the intake capacity of the wells. _ The wells | 
act as a sand filter in reverse; and, , if they are not equipped with pumps, there 
is no opportunity for backwashing. Bacterial grow th in the wells and i in the 
‘surrounding alluvium ‘may also reduce the rate of infiltration. . It might be 
necessary to filter and chlorinate water to be infiltrated into basins by means > [= 
of wells. _ Near Lytle Creek, in California, a shaft was dug: toa depth of 250 ft, 
all of which was through gravel except 8 ft. Openings were left in the cibhing 
throughout the length of the shaft. P Initially, the shaft had an infiltration 
ec to 6 cu ft per sec, but after seven years this — 
capacity had been reduced to 2 cu ft per sec. > 


The total storage capacity « of the ground- water unit not be available 


available porosity: decreases with depth due to of the alluvium; 

Ow where storage is developed by pumping, only: the storage within the range. 

of p pumping lifts is usable; and (c) all storage should not be exhausted, thus 4 

making the annual supply i in the ground-water unit fluctuate in accordance with oa? 

Iho one basin tude’ by the writer the ‘ ‘specific yield” decreased from 15% ie nigel 

to 7% at 150 ft greater depth. Mr. Conkling lists many factors that may as . =i 


_ Nore, —This paper by Harold Conkling was published in January,. 1945, Proceedings. _ Discussion on : 


r paper has appeared in Proceedings, as follows: March, 1945, by Raymond A. Hill; and April, 1945, by aa 
Clarence 8. Jarvis, and John R. Charles. 


Asst. Chf. Engr. and Gen. Mer., Pasadena Water Pasadena, Calif. 
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enter the hydraulic equation to determine the safe. yield. of a ground- -water 
unit. The safe yield equals the water entering the unit minus water losses, _ 
including leakage. Records of the requisite data may not exist, and the. data 
are often n difficult to estimate. a2 ‘The safe yield, being the difference between 
fairly large quantities, is s subject to o large e error if this method of computation i is 

“Sine Mr. Conkling also § gives a . method of determining the safe yield by t using the 
factors of draft and change in storage but mentions the difficulty of evaluating — 


_ change i in storage due to the obscure factor of “specific yield.” _ Nevertheless, iE 


this method has the advantage of making many records or estimates unneces- 
* sary as it gives the safe yield from all sources without the ‘necessity of segre- 
rm gation. - Satisfactory ec computation ‘of the safe yield es can be made by this method 

_ In the use of ground-water r storage, the true occurrence of ground ' water as a mE 
a. subterranean stream, or as in a basin, i is of great importance under the laws of 
states; 

The underflow of a.river may follow the course of the surface channel; " 

; po of the underflow “may leave the surface channel at some point ; and may not 

7 rejoin it. The interrelation between a surface stream and its underflow is ¢ 

- more evident whert the | stream i is traversing a mountain valley, where it may be ‘ 
2 in contact with or support the surface flow, than after the stream has debouched 


upon a a plain. - In this latter case, part of the underflow may follow a 


= perhaps i in the same pha nh may not, strictly, be traversing a definite rep ad 
_ ground channel and may more properly conform to the definition of percolating . 
ater flowing in an ancient channel “cannot developed inde- 


ot & 
Ss 


os 


The San Gabriel ‘River and basin cited by ‘illustrate certain | 
differences in occurrence of ground water ina subterranean stream with a 

- known and definite channel and basin water. In the canyon the underflow is 
S confined between the impervious canyon walls and is clearly a ‘subterranean 


+ 


< 


stream with a known and definite channel. — _ Below the canyon mouth i in ‘San 
“m _ Gabriel basin, but upstream from the Paso de Bartolo (Whittier Narrows), the | 
ground water is far below the stream bed. The boundaries of the ground- water 
body are somewhat indefinite and are several miles ; apart—in fact, the Ww idth 
‘is about eight" tenths of the length. direction of movement of ground 


. = is water in the basin generally follows that of the surface stream, but the ground 
water in the basin clearly occurs as percolating water. Immediately ; above the 


Paso de Bartolo ‘the movement is again like that of a subterranean stream i 

Fig. D. G. Thompson states that he d 
* * does not know whether any Court “has classified the move 
r | ment of ground-water in the San Gabriel Basin as ‘percolation,’ but he 


believes that it is a proper « classification according to the customary con- 


m4 


6 Numerals in parentheses, thus: (48), refer to corresponding items in the Bibliography (see Appendix — 
the > paper), and at the end of discussion i inthisissue. one 
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soPP ON ‘GROUND- WATER ‘STORAGE 


basin where certain geological conditions produce "special con- 


Beneath the water table in a basin there may be distributary arteries of prin- 
- cipal movement and of water i in a buried channel, but the whole “may be 
The flow of water through the alluvium in a ground-water soca or through 
r basin as percolation is caused and controlled by the same hydraulic laws that 
“govern: percolation through | a porous medium. It should be well recognized — 
that ground water i ina basin is never at rest but moves from points of recharge 
points of extraction or discharge. The courts have merely applied a name, 
“percolating ¥ water,” to classify ground water moving through a basin to dis- 4 - 
Anguish it from ground water moving in a channel. The author seeks to 


remove the mystery of movement of —— water from the minds of laymen, ~ 


it is. moving as a or group of streams through the 


this com may cause legal confusion. The c comparison n and an any extension 
to classify a all ground waters as streams lead to legal difficulties in certain states: {= 
depending on the various state laws. py owt wl 
The rate of movement of ground water is important if a large portion of the = 
7 Peres to a basin is localized as percolation from a stream overlying the basin. 
Ground- water movement is usually a combination of displacement and the 
- actual movement of a particle of water. A study of water-table fluctuation 
_ and of chemical constituents of ' water i in wells in the Raymond basin indicates x 


‘ that a displacement wave e travels at the rate of about 124 ft | per day, ee 7 : 


the actual movement of a particle of water was only 

a Storage, rather than flow, is the dominant feature in the occurrence of | a 
‘ground water, whereas, for a stream, flow is the principal feature. The 

canyons is illustrative of the small amount of water flowing in ground-water 

streams. In San Gabriel canyon, the Edison Company’s diversion dam de- 

veloped 50 miner’s inches of subflow; and the subflow at the Morris Dam of 
City of was 20 miner’ 8 ‘The subflow at the dams of the 


Miner’ inches 


as Raymond basin. the specific yield i is about 2, 000 acre-ft per 
@ depth; and, assuming 100 ft of fluctuation of the water table, the total usable 
_ Storage is 200,000 acre-ft, whereas the annual movement in and through the 
- asin j is about 31,000 acre-ft. This large storage capacity equates the supply 


wet and dry periods and has supported an overdraft since 
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SOPP ON GROUND-WATER 
_ _Innature a ground-water basin is in equilibrium—that is, the water entering 
- the basin is discharged as a regulated flow at the outlet or by evaporation and 4 
: transpiration in areas where the water table is reached by the root zone of 
_ vegetation. In the natural state there is no safe yield; the ¢ outflow equals the 


& 


inflow. — Disturbance « of natural conditions by pumping from the ground water 


fc ground-water drafts, limited 7 economical lifts, up to the meme where the out- 

” flow ceases, thereby utilizing the complete water supply of the hydrologic 4 
system, provided that the basin storage capacity is adequate. - Development 
of the safe yield of a basin is accompanied b byi increased pumping | lifts; but, with § 
the pr present art of pumping and return from crops, water can be produced from | 

«lifts of ‘several hundred fe feet with h resulting profit to growers of crops. | In 

utilizing the storage capacity of a ground- -water basin , the water table will 

fluctuate over wet and dry periods. _A greater fluctuation is m more feasible 

where the pumping lift is small than where it is large. 
In certain states ground water must be divided into the ‘following classes: 

4 (a) Water flowing in defined subterranean streams; and (6) percolating water. 
fie judge the water storage capacity in alluvium, it is necessary to dis 
tinguish between t! these two classes of f ground water. _ The reasons for - Such | 
‘distinction are largely legal, pertaining to water rights. Distinction is 


Mecessary i in certain states, such as Utah, Idaho, and Nevada, where permits 


are required for well drilling. ~ Section 42 of the Water ‘Comsniation Act of 


ogni whenever the terms ‘streams,’ ‘stream system,’ ‘lake’ or ‘other 
body of water,’ or ‘water’ occur in sections of this act relating to applica-_ 
os ~ tions to appropriate water or permits issued pursuant to such applications 
_ * * * such terms shall be interpreted to refer only to surface water and 
subterranean streams flowing through known and channels.” 


tte * * that the word ‘defined’ means a contracted and bounded all 
though the course of the stream may be undefined by human knowledge; 
and the word ‘known’ refers to the knowledge of the course of the stream by 


a presumption that ground waters are percolating 1 runs through many 


5 _ court decisions. The burden of proof is upon the party who asserts that a 

ey defined underground stream exists. The rules of law in certain states per- 

taining to” surface or subterranean streams, flowing in- known and 


ye —— and ‘percolating ground water in a basin, differ as follows: 


the Water Commission Act of California would require 


Wi B. Owners of wells drawing ete a askall water stream can acquire rights 
ices to downstream producers — but the contrary is not true. This rule is 
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‘not applicable to water a here all pumping is mutuall 


ae Under section 20a of the California W ater Commission Act, 3 years” of 


nonuse Ws water from a ground- water stream would be as 


nonuse se of water from. a basin i is fer a forfeivare. 

The maximum supply from a stream system requir res use of the large — 

storage capacity of the underflow and of any ground- water basin to which the | 


‘stream is contributory. Such storage requires no dam and is not subject to 
evaporation losses although the leakage belarge, 


J. A. Brapuey,’ Assoc. M. Am. Soc. C. E.7*—A comprehensive and excel- 


“lent discussion of ground- water reservoirs on “certain stream systems in the 
- western United States and of the determination of their utilization from an — 
engineer’s standpoint i is presented by Mr. Conkling. It i is common knowledge . 
that m man’s need for supplemental water in most of the alluvium _ ground-\ water > 
"provinces show n in Fig. 1 is increasing. No better evidence can be found — 
‘than the already constructed works and contemplated developments 
for the control of flood waters and the prevention of unéconomic “evapo- 
- transpiration” losses from areas of high ground water which frequently na 
the lower ends of ground-water basins. These flood and wasted waters 
"must be controlled and conserved if additional supplies are to be obtained. 
As Mr. Conkling has stated (see heading, “Characteristics of Alluvial Valleys” 
fa utilization of the water supply | of the stream n systems of the west cannot 
e attained without. balancing the advantages and disadvantages | of surface 
and underground storage, which will ultimately result i Oe use alia 
part of the storage possibilities of the unconsolidated alluvium.’ 
‘de The terms, ~“ground- -water reservoir” and “ground-water basin,’’ are 
erally used synonymously. — As Mr. Conkling explains, the term, “basin,” is 
used very loosely; but it is‘a convenient term, nevertheless. However, the : 
term, “ ground- “wa ater basin,” Md may be considered univocal. A surface stream 
has a bed and banks; a bale has a bottom and : shores; but a basin is a 1 depressed 
land form and has a ‘bottom’ and marginal boundary or “rim. ” Geo- 
logically, basins may have | resulted from the operation of subterranean forces | 
or may have originated in the constructional or -destructional processes of 


‘nature (50). if the term, “basin,” is applied to a ‘ground- water basin, the 


“bottom” is ‘the foundation upon w more porous valley fill material 


rests—generally considered the basement complex underlying that porous | 
Material. The “Tim” may be an elevated extension of the bottom; but, in 4 


‘any event, ‘it is a physiographic or ‘geologic feature acting like an obstruction | er 


to the movement of ground water. — The material composing the bottom and 
mm will have at least: one or more > characteristics to distinguish it from the 


Porous 1 material which it surrounds or at least partly. surrounds (the r rim may al 
: Asst. Flood Control Engr., Orange County Flood Control Dist., , Santa Ana, Calif. duh ebay ear! 
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~BRADLEY ON GROUND-WATER ‘STORAGE Discussions 


be. nonexistent along parts of an “open” ’ type ‘one. The degree of im- 
perviousness of bottom and rim is, or may be, only a relative matter. x How- 
ever, the term, “reservoir,’ ’ indicates an extra supply or storage detained for. 
future usefulness and, in the writer’s opinion, should f be preferred in describing 
According to the writer’s conception of essential Tequirements, a 


water reservoir in | alluvium should have the following characteristics: q 

Water i in ‘the porous material in contact “moving in 


Capability of being either or and i 


bd tee water supplies in Southern California basins has increased rapidly. J 
The water table in these various ground- water reservoirs has shown consider- 
able annual, as well as cyclic, fluctuation. — One inference that might be 
gained from Mr. -Conkling’s paper is that, once a ground- water reservoir 
reaches a stage of development i in which the water | table is lowe ered, the supply 
May actually be increased because of greater - percolation opportunity and 
improved recharge conditions caused by change from native to cultivated 
vegetation. "consequence, more emphasis has been placed recently on 
studies of methods for re plenishment by ground-water investigators. rs. 
x’ ” As the author has indicated, a ground- -water basin | may consist of two > parts: 
pressure area (containing confined water), a a intake area 


only i in the intake area. 


ni 


_ channels to carry runoff. In intermittent streams, crossing alluvium water is 
lost underground from the beds of the channels: First, by ‘the 
‘physical | laws of seepage; and second, after field capacity has been reached, 


by those laws attendant upon percolation. — In any event, the movement o 
“water is predominan 


impervious strata and thence carried. laterally and downward to the water 
table). Naturally, an attempt to increase the wetted area of these channels 
was made; hence, off-stream spreading was resorted to where > topographically 
on adjacent porous lands having sufficiently pervious ‘soil types. 
_ Spreading» water for storage in underground reservoirs has already been 


"described by A. T. Mitchelson and Dean Muckel (5). ‘However, the writer 


Willie: 


a . wishes to add to the experience of recharging ground- water reservoirs through 


area is generally used by nature at normal food times for 


far 


the use of wells drilled solely for that purpose e by illustrating | the performance 
(see > Fig. 9) ofa a , typical well d drilled in the quaternary alluvium of the Orange 
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ctl a of 70 acres, por ‘operated by the 
for —_ County Flood Control District for the purpose of sinking water under- 


ing _ ground. This spreading ground averlies a part of the intake area of one of 
(a the ground- water reservoirs of the South Coastal Basin of California (27). 


ue Sea Mud an 

‘Coarse Sand, Sman Gravel £197.0' 
teed Clay Pipe Inlet a 
on _Fine Sand, Few Stones Pht 

} 
— Fine Sand, Small Gravel 
%—14' Perforated | 

arts Coarse Sand and Gravel 4 


collected from an entire city area (which formerly had no definite outlet 
channels) ne system of storm drains. It is delivered by gravity to the 


take to the spreading consists w of the storm- water 


— | mee area, W here it is permitted to flood over the entire surface. 2 ‘The 

the Fe , water is absorbed and cleared of silt by | the porous sandy soil, and then drains 
hed. & if into a system of 6-in. concrete tile drains laid at an average depth of 10 ft 
stot f — the surface in a rock-filled trench. These drains empty into each ‘side 

by of 4-ft square redwood intake cribs constructed . around each well. The 
acl _ Totatory motion of the water is induced as it passes ‘through the intake per- 
| forations i in the well tube to the underground strata. 
cally In discussing the performance ofa ground-water re reservoir, Mr. Conkling 
justly stressed the for determining the specific yield of 
water- -bearing material—an important factor in estimating storage ‘capacity. 
ster The writer believes that, in those underground - reservoirs of considerable | 

extent where pumps are drawing from confined water (and it is feasible to 
Bs. salvage wasted waters from areas of high ground water), knowledge of the 
permeability of the underlying aquifers is equally desirable if the long-time 


‘sate is be estimated and reservoir to be 
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BRADLEY ON _GROUND-WATER Discussions 

managed efficiently. ‘Transmissibility i is generally determined as the coeffi- 
mews cient of permeability and, as stated by Leland K. Wenzel, Assoc. M. Am. Soc. 
a Cc. E. (51), and C. F. Tolman (8) but as ‘credited to O. E. Meinzer, is defined 
. 7 as the rate of flow in gallons a day through a square foot of cross section of 
io _ material, under a hydraulic gradient of 100%, at a temperature of 60° + 
a _ In 1940 the writer had charge of some pumping tests on drilled wells for deter- 
a mining permeability and specific yield (effective porosity) of water-bearing 
iz ‘materials in a ground- -water reservoir on the stream system of the Santa Ana 
River it in California. Values computed for the coefficient of permeability from 
--- gome of the tests varied from 4 ,880 to 6, 070, and those for the specific yield 
varied from 16.3% 18.7%, respectively. The Thiem ‘method (51), as 
described by Mr. ‘Wenzel, was used. Provided that free water-table condi- 
4 tions prevail in the material tested, both the coefficient of permeability and the 
Specific yield may be computed from data obtained during a single pumping 
test. . Although it is expensive, the method is advantageous because. the 


= a results obtained are f¢ for undisturbed material lying i in the natural state. a «4 


Well-« developed underground reservoirs 0} operated on a sound management 
ee will generally experience > considerable f fluctuation i in elevation of ‘the water 
table. Consequently, after consideration of the views some e geologists and 
pedologists (soil scientists), it appears that the specific yield of the water- 
bearing material 1 may not remain constant throughout time, because the effects 
of compaction, weathering, and chemical action result in cementation. These 
effects may extend more or less throughout the zone of aeration, = 
saga Mr. Conkling has. ably outlined the methods so far developed and the 
= to be attained i in ground-water " reservoir investigation. . Continuity ‘ 
_of proper records a and wise » management are essential to avoid depleted ground- 
_ water supplies if the 1e many planned w orks for future construction are to accom- 


‘Ground Water,” by C. F. ‘Tolman, Ist Ed McGraw-Hill 


Ince., New York, N. , 1987. (a) p. 469. 
= (27) — Coastal Basin Investigation; Geology and Ground Water Storage 


Capacity of Valley Fill,” by Rollin Eckes, Bulletin No. 45, Div. of 
Water Resources, of Public Works, State of California, | Sacra- 
a (48) Transactions, Am. Soc. C. E. ., Vol. 102 (1937), p. 806. sacri aoa Pr. 
(49) “Treatise on the Law of Irrigation and Water ‘Rights,’ by 0. 
(50) “Field Geology,” by Frederic H. Lahee, McGraw- Hill Book C Co., ne 
York and London, Ist Ed.,1916, Chapter XI. 
“The- Thiem Method for ‘Determining Permeability of Water-Beatiog 
Materials and Its Application to the Determination of Specific 
Leland K. Wenzel, Water-Supply Paper No. 679-A, U. S. Geological 


Ss. Government Printing Office, , 1936. 
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iscussion 


as 


Ww. ‘Srewant? 7 M. Am. Soc. C. 72_The flexure of a continuous 


tructure exhibits a number of interrelated phenomena both in the structure 
as a in the inc individual spans. These ‘Phenomena comprise what are 
kn as well as a variety 
‘the load constants. Each of the various methods for ‘computing the 
: bending moments in a continuous structure is contrived by selecting a limited | 

~ number of these properties and using the properties chosen in a more or less 
regimented manner. _ A conversion table showing the interrelationship 
~ the constants used in a number of systems of analysis has been presented by 


Fang- Yin Tsai. ® The table covers the general case—namely, members with © 


The final test of a structural concept is its usefulness in computing the 


stresses i ina structure. ~The features nodal I distances, restraint 
factors, and final carry-over factors. These’ terms to the 


For any moment vied: at point E, 2/347 of the moment will be 
to end A, 3/347 of it to end G, etc. "This frame v was 3 selected because & very 


- determine the effect at all joints of an applied moment at ‘point D. 3 Restraint 


.—This paper by Camillo Weiss was published in 1945, Proceedings. 
Bridge. Engr., City of Los Angeles, Los Angeles, Calif. i, 


Received by the Secretary March 9, 1945. 
Transactions, Am. Soc. C. E., Vol. 102 (1936), Table 3, p. 44. 
a ‘Analysis x. Continuous Frames by Distributing Fixed-End Moments,” ’ by a well Trans- 


Am, Soc. C. E., Vol. 96 (1982), 
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ale 
Te G U 


Ly 
(Known) 


10) 


Member 
needed) 
(13) (Eq. 10) 


(Not. 


6/1 


Member CF 


(16) CF 


(7) (Ea. 9) 


= 


0.332 | 
115 


eses) 
DC 


Member DE 


ED = 115/0.332 = 347 


(19) DE 


= 


~ 


( Hinged) 
(Eq 
-7666 


F 
ber CD 


= 
mM 
P 
= 


~ 


Ro | 


TABLE 2 
(Successive Steps Shown by Numerals in Parenth 
m 


Member 


(5) 
» 
0 


Eq. 9) 
(Eq. 10) 


niece Ty orig 


i 


= 
od) 


Member AB 


(1) (Known) 


=4 


) 
=2 (assumed) 
2/0.5 


needed 


(14) AB 


= 


_ Nodal 


call 
Relative 


Concep 
factor 


arry-over 
Restraint 
moments 
Relative 
moments 


4 


~~ 


| 


4 


| 

— | 
— 
| 
— 4 
— 
i@ 
— 
i. 
— 
— 
— 
— 
= 

Spt 
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4 The moment Moe equals 9 9/17. bg x x 115 = 58.5 5; sand the total | fixed-end a 7 
is 58.5 + 115 = = 173.5. . Fig. 4 then indicates that 2/173.5 of a , moment applied 


at point D is transferred to end A, etc. 


2 solutions of Eq. 9 to obtein the nodal for yr members CD 


DE = 
structure and other continuous structures 2 are e different for each member a. 
are different for the ends of the same member. _ This makes the nodal distances = 
inferior to the moment- -area constants as bases for analyzing astructure. 
“Fig. 5 shows a solution which uses the moment-area constants ddieeted 
in the form of an elastic curve traverse. All angles « of flexure are at the one- 
third points of the span. They do not move in response to. changes i in restraint 

as do the nodal | distances. _ Thus, labor or difficulties i in ‘computing the 


~~ angle of flexure multiplied by the stffne stiffness of the member involved gives 
a a moment, and a a moment divided by the stiffness of the member gives the : 
appurtenant flexure angle. _ By using these properties of Fig. 5 in connection | 
_ with ‘simple geometry, the arithmetical computations for Fig. 5(a) (which | 
yields the same result as Table 2) can be performed in . much less time than — 
that required for the example in Table 2. _ This condition is also true for 
‘Fig. 5(b) 9 which corresponds to Fig. 4. Fig. 5(c), which shows the final ca carry- 
_ over factor to all joints for an applied ‘moment at point B, furnishes an auto- 
“matic check of the computations for Figs. 5(a) and 5(c) by) noting that Fig. 5(a) 


— 


$1150/+585 


_ gives an applied moment of 347 at end E for a joint rotation of unity at pint: 
Band that the computations for Fig. 5(c) for & rotation of unity at end E- 


a of 347 at point B, by Maxwell’s theorem of 
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BRUMFIELD ON STRUCTURAL CONCEPTS Discussions — 

cal on The computations f ee Fig. 5(d) require only one setting of a : 

a 
slide rule from which two readings ar are taken, followed by : a moment summation & 
about joint C. Fig. 5(d) gives the final carry-over factors at all ae joint for a an 


byw 


2 


— 
m2) 
© 
7 


; joint Cc “all the n 


“necessary arithmetical work is n 
Zs directly in n Fig. . 5. . For a solution based on nodal distances the additional 
_ work represented by Table 2, and scratch-paper work not shown, are necessary. 
‘The foregoing solutions demonstrate how the structural concepts which 
‘the author presents can be ‘appraised as tools for practical analytical work. 
‘An extension of the study to structures having tapering members would anil 

¢ “even greater relative adaptability for the moment-area constants. —__ 
paper is well written and will be of value to computers who 


analyses of structures based on the } position of the points of contraflexure of 


fhemembers 


> 


ara 


ce 


discussed primarily five terms are in with the n 
solution of indeterminate structures composed of interlocking beams, the n 
_ tortions of which structures are essentially due to bending moment. The five =. 
Bae & terms, with the definitions assigned to them in the paper, are given by the it 
Carry- Over Factor —See “Introduction”: | 
this study the term ‘carry-over factor’ denotes the ratio of the 
ao induced at the restrained, but not necessarily fixed, end to the moment t 
ea applied at the other end of a member which is on unyielding supports at B, | 
Associate Prof., Civ. Eng. Dept., Cooper Union, New York, N N. 2 
Received by the Secretary April 3, 1945. prisipy 4 
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unyielding supports. it is obvious that the author > 
allow no movement of translation although the beam may rotate. 
Stiffness or Restraint Factor—See “Stiffness Factors and Distribution 


Factors” ip 


the to: rotation of the end of a ‘member will E times a 
stiffness factor or restraint factor ‘rr.’ Fora member with constant moment 
of inertia, r then varies between 3 K and 4 K. 
Distribution Factor —See sentence containing Eq 


“rThe distribution factor ] measures the ratio in which an external ot the 


applied at the joint B will be distributed [to a particular member of the 


oe * -* the degree of restraint Qag will be defined as the r: ratio of the re- 
=e exerted upon th the end of a member to the resistance against rotation 


“Applying a rotation On to end of an unloaded member AB, 


; ni degree of fixity at end A is the difference between unity and the ratio of 
__ the slope at the restrained end A to the ‘slope at at A if the end | were e hinged.” 


It seems clear f from the context that the author has i in mind the use of these a 


“terms largely in connection with the Cross. method? of solvi ing indeterminate 
structures by distribution through successive approximations. This appears 
tobe evident from the statement i in the ‘ ‘Introduction’ * and from the fact that, — 


in deriving « an expression for the distribution factor (Eq. 13), only 1 that one is. 
2 derived for an artificial moment applied to the joint externally, this this being the 
one required in the Cross method of distribution. 

‘The justification for such terms as those listed must st lie 1 wholly i in the ¢ rela- a 
_ tive number of cases in which they are e found useful, such as (a) the ‘services | 
that they may be made to render in computing the bending effects of loads” 

- applied to an indeterminate structure; (b) the allocation of these effects to the 


- separate members of the structure; and (c) the evaluation of the distortions | 
peony in the structure. Of these purposes | the first two will | ordinarily be the 


more important. Concepts that serve these ‘purposes | adequately. and with a 


Maximum of simplicity should be adopted and used. Ww hich do not meet 
"these tests eventually willbe discarded. 


te Asa basis for his various author uses the concept of 
the “fixed | point,” = or ‘ “node point” as he terms i‘. ‘This concept has long been 


z in existence and is used to express ess the fact that, in any y beam whose bending- 


"moment diagram consists exclusively of the effects of the bending moment 
introduced at one end of a span and that induced by it at the opposite end of | 


- the same span, the point of zero bending moment remains at a fixed ‘point along 


he beam regardless of the size or sense of the inducing moment. 


__?“Analysis of Continuous Frames by Distributing Fixed-End Moments, Hardy Cross, 


, Vol. 96 (1932), Pp. 
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IELD ON STRUCTURAL CONCEPTS —_ Discussions 


s selection of the term “node point” for ‘this position of zero bending 


moment is unfortunate, particularly w when taken i in connection with the context 
of the paper in which the term “ elastic curve” is used t to identify this point. 
In vibratory ; motion, the most important characteristic of a node is that there 
_ is no movement of the vibrating body at the node. This is not true of the 
“fixed point” of a beam. In fact, there is always lateral movement at its. i 
fixed point, when the beam is only under the influence of a moment at one end 


Bosca its induced moment at the opposite y end. ‘The casual reader is likely to ? 

_ form quite an opposite impression in the paper from the statement (see heading, g, 

Eid Points and Carry-Over Factors”): ‘* * * the wave-like elastic curves 


ee _ The idea of fixed point might well be eliminated entirely from the considera- 


os in connection with the five definitions listed at the’ beginning of md 


discussion. 


duced, using as a basis well-established ideas that have long existed. J udging — 
the term, then, from the standpoint of service it seems to be superfluous. le 
 -The author uses the terms ‘ ‘stiffness factor” and “restraint factor” inter-_ 
SS measures of the nen moment required to be applied to rte 


been desived with equal or greater snuplicity if the concept had not been intro- 7 


Bo). a end a7 the same beam. Such a beam might be span AB, Fig. 2, the ae 


that influence the beam being those at joint B. 
. writer would suggest a change i in this concept. _ Stiffness is character- 
by movement. or, rather, capacity to resist movement. The author 

a measures this movement by the bending moment required to cause it. This 
has one virtue and one fault. fa It represents a stiff beam in terms of a large 

number and so appeals to the natural instinct that this should be so. ». “Its fault 


lies in the fact that t the stiffness is not measured it in terms of movement, ut 


we 


wath 


oat 


~ rather, in an auxiliary fashion, i n terms of the moment required to cause 


bee the movement itself is used as a measure of stiffness, the term ‘ ‘stiffness — 
factor” or preferably “stiffness index” may be defined as & measure of the 
angle of rotation caused at the end ofa beam by the application there of a » unit 
couple. . ‘Such a ‘definition allows stiffness to be measured directly in terms of 
ovement or rotation. | The fact that it is now an inverse measure of the 
movement (that ‘is, a a “stiffness index” “represents a relatively flexible 
7 does not mitigate against the ‘definition s since by it a true concept tis 7 
obtained of ‘the movement of the beam end. Thus the Ww ord “index” is used 
rey ieee of the word “factor” which ordinarily i is thought of as a , multiplier. a il 
_ One should also. distinguish sharply between the terms “stiffness factor” 
“stiffness index”) and ‘restraint factor” (or ‘ ‘restraint index”) which 
terms the author u uses interchangeably. ‘Stiffness i is a function that is 
- should be) influenced largely by the characteristics of the beam itself. Re 


straint, on the other hand, is from ut and beyond tne 
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May, 194 
beam, which is applied only to the beam end. In such a , beam 2 as span AB, 
3 Fig. 2, the term “stiffness index” should be applied to end A, whose rotation is 
_ influenced largely by beam AB, and the term “restraint factor” ’ (or “index’’) 
tol the far end of beam B, where rotation is influenced by the thee restraining 
_ beams, BJ, BC, and BH. Thus, when a moment is transmitted from point A 
to point B, the rotation of end A of the beam is measured by the stiffness index, 
‘ and that of the same beam at end B, by i its restraint index. Such a concept — 
leads to. simple expressions for the va various terms under ‘discussion. 
Referring to o Fig. 2, if a unit couple i is is applied to span AB at end end A, the 


From Eq. 24, one may define ‘ “stiffness factor” (or “Gndex’’) by the equation: — 


‘Thus, the index is shown to be a measure of angular rotation. _ Without giving 

‘the derivations that lead t to the conclusion, the expression for the restraint ving 


for sp span AB, at B, is given by the ¢ expression: ill 


The right-hand quantity of either’ Eq. 26a or Eq. 26d is niin but Eq. 260 i is 
oe preferable since it is adaptable tc to slide-rule use without any other mathematical ay 
work except mental additions. The usefulness of this restraint index is “> 
apparent from the fact that the bending moment arriving at joint B, from — 
end A, divides to the three restraining members ; according to the following 
Ras 
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e- 28 has a close relationship to the distribution 
1 ers from this factor in that it gives the division, to the —— 
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restraining ‘members, 0 of moment arriving a at the joint through t the transmitting 
- member or actuating member AB, rather than the division of the moment to 4 
the members when an artificial torque is applied ih ~ 7 and all radiating © 

From: Eqs. 24 and 28 it is clear that, if the be ile moment which arrives" 
4 Fe joint B, through span AB, is } unity, the » angle of rotation of joint B induced 


6 6 1x xi AB (29 


Thus a measure mati the r of the end B of 
7 just: as tap was a direct measure of the rotation at the opposite - end. — The 

4 expression Ras involves only the characteristics of the : restraining members _ 
and thus becomes a true restraint index, whereas involves mostly 


: characteristics of the beam, restraint being only included through the ex- 
-_ Pression fa 1p. Thus “stiffness index” is a proper name for this term. 
With these concepts in mind the author’s expression for the carry- over sna’ 


‘ite, freed from its special application in the Cross method of analysis as 


| 


In the writer’ opinion term “degree of 1 restraint” ’ discussed in the paper 
is — especially useful. In terms of the foregoing concepts and the author’s 
definition it would ait ratio of the restraint of AB to the 


7 the d fnition of the 
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‘These examples serve to show that the issiallli of the idea of ‘ ‘restraint 
i index” for the beam as differentiated from “‘stiffness index” permits the mathe- 
[. matical delineation, , in quite simple forms, of all the concepts listed in the 

paper. The elimination of the idea of ‘‘fixed point’ (or ‘‘node point” as it is 

_ called) in no way hinders the work, and the derivations leading to the results 

are, in most cases, simpler than those listed in the paper. 
The author’s project of codifying | the nomenclature used i in connection on with 
indeterminate structures is praiseworthy. . It should lead to beneficial -. 
if properly handled . Such standardization, if well done, w ill be an n assistance | 
in clarifying thought and mutual in the engineering profession. 
There is one danger to » be noted, however: If too rigidly applied and if there 
is too great insistence upon the letter of the standard rather than the spirit, 
_ the result may be that engineering thought is put into a “strait jacket’’ and 
| initiative stifled. — The number of concepts involved is large when indetermi nate 

structures are to be considered in their broadest sense. A noncoplanar frame, 

involving 1 not only beams o: of variable § section but also curved beams, is a case > 
in point. ¥ In such a structure, the number of interrelated factors is sufficient _ 
to exhaust the letters i in the ordinary alphabet ai as well as those i in the Greek 
alphabet. - Every a one ina position to influence standardization should be 
patient and move cautiously until the literature on these matters is much more 
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A PLAN FOR.. MOVABLE DAM 


HALL, C. E. -MEYERDICK, RALPH R. 


C. L. Haut,? M. Am. Soc. C. E. his classification of movable dams, 
Mr. DeY oung includes submerged structures as type (2). Among the ‘sub- 


— 


=; 


“Heit? 


merged structures mentioned are trestle dams, bear traps, Tainter gates, etc, 
aie but not wicket dams of the Ohio River type. _ Wicket dams are found on a 
7 great many canalized rivers. In particular there are forty-three s such structures 
- 4 on the Ohio River : and through - them pass s the heaviest river-borne commerce 
in ‘the western hemisphere. Any y general ‘discussion of movable. dams which 
ee —_ not mention dams of the Ohio River type is likely to give a false impres- 
_ sion, Moreover, the classification of a as a f movable is 
- more likely to confu 


which has been installed in to stop op downstream flow 

> a damaged lock, thus permitting repairs to be made. | The main difference 

ss between the two structures is that the Poiree dam merely pi provides the horses 


8s and props against which wickets s may b be placed to establish a closure, whereas 
the flexible shutter type of dam includes substitutes for wickets: as integral 
Parts of | the dam, thus establishing closure automatically | as soon as the dam 


a is raised. _ Clearly this feature i is desirable; but also it is much more expensive. 
There are ‘comparatively few places where. such complex, dams are justified. 


2° 


ee that ‘both a a submerged movable dam and a set of guard gates s would be genes 

nomically justifiable. ‘For most: the extra insurance is not w orth 

study of. the drawings indicates ‘that natural: sedimentation into the 

a recesses is not feared. th a clear stream . like St. _ Marys River there may be no 

- sedimentation during the long periods when the dam lies on the bottom. _h 


streams that are closed every winter, it may be possible raise and lower 


Norse.—This paper Isaac DeYoung was published in February, 1945, Proceedings. 
2Col., Corps of Engrs., U. S. Army, Columbus, Ohio. 
2a Received by the Secretary March 9,1945. 
_ % Correction for In February, Proceedings, page tine 2 below chang 
 8**The Design sie Construction of Dams,” we Edward Wegmann, John Wiley & ie Ine, New 
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. the dam every spring before navigation begins; but on ‘the Ohio River this 


form: of dam would probably not operate. - In the upper river, , acid would 


probably corrode the steel, unless it were made eof a very expensive 
"Throughout the entire river, sediment would be. deposited in any recess, 
a way that it would probably be extremely difficult to overcome initial 


inertia when dam raising is undertaken. With the river open to navigation * ee 
all year, it would never be easy to find a convenient time to raise and inspect 


writer expresses no opinion on the proposed dam, considered from the 


standpoint of the mechanical engineer. He has great doubt as to the practi- 
eability of using such a adam. except in a canal or canalized river with far from 
E. Meyerpicx,! Esq. —There various imothiids of. locks 
with guard gates and supplemental gates. contribution by Mr. ‘DeYoung 
a - should be greatly appreciated because it is reasonable that few locks should be 
wid built without. provision for stopping the flow through ‘the lock chamber in 
sub- 7 case of an accident. _ ‘There are, of course, many ideas on how to put a set of 
te, gates “4nto the dry’’— bulkheads or by making use of the 

m 8 various forms of movable dams enumerated by Mr. DeYoung. ? A lock is net 
ek necessarily guarded by the use of a set of guard gates as illustrated in Fig.1. 
erce 


A simple plan for opera sing a lock i is plan n used on most of the 


ould tie up traffic dlirough the in ‘Which: case an ausiliary lock is 
available. Should the lock be left entirely open, the quantity of flow through 


a the lock alli not affect other traffic activities on the 1 river since this flow would rc 


unquestionably be less than normal flow i in the river. Ifa navigation canal i is 


ugh small in 1 size, its capability to absorb 2 a high flow such as might surge through — | 


—— an open lock chamber i is limited. Lock chambers on the Mississippi River are 
equipped with only a single set of gates at each end of the lock. Normally, 
Teas 


one set of gates is always closed. For any other arrangement of guides, if more 
gral “are considered essential, it does not necessarily follow that expenses should be 


am "increased by operating all the gates, as some of them may be left recessed to 
mae be used 1 as stand- -by units i in cases of | of emergency. _ The fact that a lock has a 
fied. 


* of gates at each end does not necessitate ‘utilizing both sets to lock a vessel 
“eet of gates to be as s guard gates, , and the cost of movable dams (bulkheads) 
orth _‘Tecessed i in the bottom of the lock or otherwise installed add up to a sie sun 
for construction—not to mention operation and maintenance. 


There are two types of lock gates commonly considered ‘for navigation 
€ no They are the miter gate and the sector gate. Both types are usually 
q a 4 installed in pairs with a sealing arrangement 0 on the gates to effect a seal at 


_ — center of the lock where the gates meet, and with other seals at each wall 
“from which each gate swings. operating procedure for the miter gate is 


a - similar ¢ to that for the garden gate since the force usually is is applied at the top be i <a 
anil 2 the g gate. In the case of the miter lock gate, considerably more force is ; a 


Mech. Engr., U. S. Engr. Office, Sacramento, Calif. | Ure ti ted) 


— 
q 
iii 
- j 
a 
— 
5 
— 
i aA 
4 
— 
— 
— 
i 
a 
— 


LEFFLER ON MOVABLE bhi 


h the water is required to swing 
27 In sector gate operation, the face plate, being : an arc, , slices through the 
water ‘as the gate is swung. The resistance against the sector gate is much 
less than that against a miter gate unless the gate has a plate on one side in 

addition to. the radial face plate. The operating force on the miter | gate 


Ap is the medium of an arm 


ttached to the of the e face plate. of the 
The sector gate recess requires more room than does the miter gate recess: 
~ and both gate types have other advantages a: and disadvantages. . One of the 
_ chief advantages of the sector gate is that, because of its slicing action, it can 
operate against a head differential and in high velocities of flow, ba sel 
7 operation | of the miter gate | must never be risked in high velocities. | Sector 
48 gates in 1 any combination of sets in a lock, by using any one set of the gates, 
provide a a movable dam. The lock el chambers can be “valved” by the operation 
of the sector gates, and there is an indication of the economy of their uses— 


namely, for “valving,’ ” “locking, and emergency operation: against high 


i. ae writer favors sector gates because of their sturdiness and minimum | 
deflection in the gate structure during operation. rs The fact that the resultant 
of all hydrostatic load lies through the center of the hinge (trunnion) indicates 
the reason for mechanical economies and utility of operation. A lock can be 
built with only two § sets of sector gates that will meet the necessary require- 
of many of the most important navigation structures, 
~ Obviously, as proposed by Mr. DeYoung, the safety of lock operation n should 
prone to closing off the lock in case of accidental damage to : any of the locking | 
_ or valving mechanisms. _ Mr. DeYoung i is to be commended for emphasizing | 
the ‘necessity for s afety ‘yequirements for navigation structures. writer 
ay z lieves, however, that. by using sector lock gates the margin of safety that 
an be attained will be comparable to what might be expected by installing a 


dam mechanism as proposed by | Mr. DeYoung. 


R. Lerrer,® Esq.**—The plan outlined in this paper full, > 
consideration whenever the problem of designing a movable dam arises. On > 
ertain waterways that are important in wartime, such a movable dam should | 

e installed in preparation for World War III. The cost is relatively so small» 

that m many major peacetime locks ‘should be equipped with it. 

prospects that Mr. DeYoung’ plan will receive merited consideration 

a are not good. The proposal is. new; it is novel; it is “unprecedented; it is 
irritating | to the “rut-worn” mind; and it has not been done before. It must 
e run the gauntlet of the heavy ‘heels of the finical designers, the high- powered 4 
executives, the minded”’ citizens, the “buttoe cky bureaucrats, the 
ay “practical” men, and a whole host of others, adept and zealous at dodging © 


es responsibility | to safeguard themselves. The design has so many merits, 
nevertheless, that it will overcome these obstacles. 


5 Engr. of Structural Design, The San. of Chicago, 
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ELIMINATION OF CROSS CONNECTIONS 


N LOS A ANGELES, CALIF. 


program in Los Angeles has been described by Mr. Hayes in a comprehensive 


0. VAN METER,’ Esa. %.__The cross-connection and elimination 


ff 


manner. The subject is so broad that many interesting problems could be 


4 
included. ‘The City of Los Angeles did not embark on a survey to enumerate 
cross connections but rather to eliminate all cross connections that were 
found. The surveys were started on @ piecemeal basis. certain critical 
was laid out for surveys, single property in the area was — 4 
orders to eliminate the cross connections issued, and the inspectors 
diligently prosecuted the case until every cross connection w was eliminated 
d corrected. ‘This procedure sounds easy, but in practice it resulted in many 


1g Mr. Hayes has described the formation of the Los Angeles Cross- Connection 
Control Advisory Committee and also the problems confronting the committee 
5 prior to and after the outbreak of World War II. _ The permanent chairman — 
a _ of the committee had at his command just three trained « engineers on cross- 
_ connection control work at the time the Los Angeles Harbor survey was 

3 started. The Department of Building and Safety provided six plumbing 
od - inspectors untrained in cross-connection control work and later increased the © 
? 4 number to eleven, after the first group had become familiar with the work. , 


a. “30 To complete the survey as soon as possible and to utilize the trained men 
as to the fullest extent, the work, » legal orders, and other * features of the survey 
of were standardized as much as possible. In general, the survey ofa given area 
"Eis conducted by the e inspector i in nine steps a as follows: (1) A surface map . 2 
2 prepared; (2) file records are made on service cards; (3) the owner of the area 
st 
“i is informed of the problem; (4) an underground location survey is made; 
- 1 6 a legal order is prepared; (6) the legal order is presented to the owner; 
any necessary steps are taken to enforce the legal order; (8) 
Nors.—This paper by Harry Hayes was published i in March, 1945, Proceedings. 


* Chf. San. Inspector, Bureau of Water Works and Supply, Los Angeles, Calif. hit 932 = 
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VAN METER ON CROSS CONNECTIONS 

having been made, the area is final ‘inspection having 

7 (1) The io— A tracing of t the area to he porenonere is made from a district 
Fi. ro provided by the Department of Water and Power. The scale is 100 ft 
to the inch, and shows the location and size of the street mains; the locations, 
numbers, sizes, and serial numbers of the water services; the property Hines; 


the street locations; and street names and numbers. 


(2) Service Cards.—Information from service cards is then Rach, 
-eard (on w hich are listed meter number and size, owner’s name and address, 
collection | name and address, when the m meter was set and turned on or off, 
other pertinent data) is against information obtained in the field. 
) nformative Visit. —Contact i is made with the owner or manager of the | 
; 3s and a full and complete detailed explanation i is given of the historical 
the prevalence of cross connections, water-borne diseases, w: ater- 
borne disease epidemics; the formation of the Cross-Connection Control 
_ Advisory Committee and its | powers and duties; - federal, , state, and local laws; 7 
rules and regulations; enforcement policies; the seven- point program of a 
connection control and ‘elimination; types of cross connections normally found; 
-methods of control and elimination; duties a and liabilities of the o owners or 
- managers; the type of educational and cooperative cai campaign the committee i is 
conducting; and the need for making an inspection of premises. _ After the 


talk, to make the ‘survey is is requested; the manager is 


but, in ‘every | case, the information o on them ‘must be proved. 
Underground Location ‘Survey —A physical survey is made of every foot 


a a piping and the underground system is checked as accurately an 


possible. All lines’ sketched on the tracing in the water- use 


Preparation of the Legal Order. | writing the legal to 
_ the cross connection, the inspector must present to the assistant engineer in 


_ blueprints and piping layout. At this conference ‘each « cross s connection is 
review wed and classified as as and cases are treated | 


followed i in each case, e, the writes his order | using. a standard 
= that has already been determined. Special wording may | be used when, 
existing wording forms do not apply. After the order is written, it is again 
checked by the assistant engineer. _ Then it is reviewed by the engineer in in 


charge of field work; and finally the inspector must demonstrate the soundness 
_ of the order to the engineer while the two are reviewing the work together | * 
_the premises. If the order displays a good sound sanitary ‘engineering basis, : 
re,  @! Presenting the Legal Order. —The legal c order i is then issued to the ow ner 
in. or manager instructing him to eliminate or correct the insanitary ane 
The legal order the ¢ or condition; location; 
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of length oft for compliance; instructions : as to wha 


to do in case an extension of time is necessary ; the laws, rules, or regulations = ; 
es that have been violated; complainants or enforcement agencies involved; and 
defendants and their duties and obligations during period of compliance. frii> 
mv (7) Enforcing the Legal Order.—Pressure is then brought to bear on the 
owner or ‘operator to gain as soon as possible. ‘This may take 


h (step. (3)); the presentation of copies of the laws involved; conferences with 
5, _ keymen; letters from the city attorney regarding legal status; letters from the 
i, city health officer certifying the need for immediate compliance to help the - 
j management in efforts to gain priorities; orders from the Industrial Accident 


Commission, Naval and Army Security Officers, and other interested a agencies; 


(8) Final I nspection.— al reinspection is made after all the work has 

8; ae (9) Closing the Case-—The completed orders together with the n maps, : 
ms 7 _ sketches, field notes, etc., are filed for future use as the War alge 

requires a continuing inspection of alldefense plants. = 

or | os _ The cross-connection problem was recognized as a health menace by public» 

is health officers several years prior to 1919. In that year, New Hampshire © 
he _ passed a law prohibiting the maintenance of such connections. Between 1920 

is. and 1930, many similar laws were enacted. The problem received official 

national recognition in 1930, when the si surgeon general of the United States 
1s issued a directive t to all health officers, in which he ordered the outright elimi- 

nation. of cross connections or the installation of 
“> devices approved by the State Department of Health and installed and operated 

as under the direct control of that Department.” ” Cross connections are not 
“— i effectively eliminated by the mere passage of laws or by surveys such as _..*. 


or $1,000,000 survey in Chicago, ‘IL, after 1 the amebic dysentery outbreak in 
‘ 1938; the $1, 081 ,830 survey conducted in Cleveland, Ohio, in 1942; or a 


te ra cross-connection survey made by the U. S. Public Health Service and the 

in Works Progress Administration of all federal buildings located ‘Detroit, 

es, Mich., and New York, N. Y., in 1936 and 1937—unless such surveys are fol- 

is lowed up by the i issuance of individual or orders to | make > necessary corrections; —_ 
ed. and, what is far more important, , these orders must be enforced. 


“Bee _those who have k been n endeavoring to control the cross- s-connection an 
prhlen, it has become quite obvious that ‘the situation has been growing 
== instead of better. This i is true for at least ‘seven reasons, as follows: 
(a) Failure to pass control laws, (b) failure to enforce laws, (c) failure to publi- 
_cize the problem, (d) failure to control the design of water supply systems, 
© failure to standardize and codify good practice, (f) failure of management : 
to recognize | the problem, and (9) failure of the engineer to promote good 
5. (a) Control Laws. tr —The failure of federal, state, and local lawmakers to a 
pass cross- connection control laws—or rather ¢ross-connection control laws | 


‘chr, are uniform, ‘specific, and at the same time understandable—is a con- 
of the situation. most cases, 
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- preliminary draft of the laws, after which the draft is referred to the ¢ attorneys: 
a redraft. When the engineers again see the draft, they often cannot 
er it as the product of their efforts. | Therefore, they abandon the 
a in disgust; the draft is approved by the lawn makers and codified. _ When > 
i; the enforcement officer tries to enforce the provisions | of the law, he i is told by 
the attorneys that ‘nothing g can be done because the law contains too many | 
loopholes and that a conviction could not be secured. In other words, i 
~ attorneys would have used the word, “ may,” re ’ where they should have used the 
word, “shall.” Instead of being specific and describing the cross connection — 
involved, the: attorneys are vague to the point of ambiguity. Again, the 
si attorneys fail to realize that the proper control of each cross connection is 
of an individual stress in the design « of a bridge truss. 
ought (b) Law Enforcement. —The failure on the part of federal tah, and local 
law enforcement | agencies to enforce such laws as are on the books—either 
because of negligence, ignorance, , or fear of political 
another contributing cause of present conditions. 
 @ Publicity—A third cause is the failure on the part of all concerned to 
: publicize the cross- -connection control problem. This results from the fear of 
~ enforcement officers that they will be criticized because such a condition was 
a allowed to exist, the fear of political reprisals by financially interested pressure — 
_ groups, , and the fear of criminal and civil actions w shich might be filed against — 
enforcement officers, cities, or utilities (both p private) f for past 


failure to > perform duties and obligations ~The eross- connection 


% just 2 as important i in the problem of health and sanitation as is the determination b ; 


"problem, for exa: example, and the sooner r the public: recognizes that fact and “publi- 7 
cizes the cause and the | cure, the sooner the situation can be controlled. a 
(d) Design Controls. .—Federal, state, and local health authorities fail to 
; _ recognize the need for ‘specific regulations governing the design of water piping 
systems, the use of water in all its phases, and the continuing inspection of 
a systems and water uses. Little, if any, effort has been made to prevent — 
either r the improper design of water systems | or the overloading of existing» 
systems. The overloading of existing water systems presents one of the 
greatests hazards in cross-connection control. | In one plant a sustained vacuum 


of 16 3 in. of mercury was recorded for a period of 5 min in the water system — 


on the second floor. operating head during the daytime was 5 lb per. 


Good Standard Practice. —Federal ‘and state public health authorities 

fail to set a“ “uniform practice code” for the elimination of cross connections, 
4 = testing of backflow p protective devices, and the ce certifying of modern backflow 

protective d devices. 8. | Everyone, without, regard to authority or fitness, seems 


to have a voice in making decisions, and local health enforcement agencies are 


criticized and crucified if they propose -any advanced ideas. In most cases 
td the only approved method i is s the obsolete double check-valve - assembly proposed 


ential releases on every pressure- -operated backflow protective device 
be ‘universally Inventors, designers, manufacturers, : and others are 
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they” have a monopoly. the were made high 
- enforced, many devices would be developed. _ There is a growing demand for 
Responsibility of Management. —Management fails to give due consider- 
ation to the cross-connection control problem, and i is often willing to expend © 
he sums of m: money for the installation of water systems without consulting 
local authorities regarding sanitary engineering requirements. he _ The fault for 
. this condition lies with the enforcement authorities rather than with the plant — 
_ management. _ The authorities have assumed that the management has as 
‘on knowledge of the subject a: as experts. ‘This i is “especially evident i in the — 
large industrial plants where extensive changes have been ordered. © After 
—— reasons s for the required changes have been explained, the management. 
4 has usually concurred and has cheerfully ordered the work completed. In 
_ several cases the work order has involved the expenditure of more than $50, 000 — 


(g) Responsibility of Engineer :.—Engineers, | individually and collectively 


in their associations, fail to give more than lip service toward solving the 
The individual plant: engineer, tries_to establish a record for ec economy. 
, Either consulting and designing engineers. are not familiar with water piping ~ 
3 and cross- -connection problems, or they deliberately fail to incorporate in 
designs: the necessary safety factors required to insure a safe and potable 
water supply. . The associations have made studies and recommendations; 
but, as yet, they have not made insistent efforts to see that the results of their 


studies are incorporated in a a “Uniform Water Piping and Cross- 


Summary. —So far as control is concerned, 


ow ithout fear of political pressure groups and without favor to minority groups. 
— 
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ORGANIZATION, FINANCING, 
Avie ls ‘TARY DISTRICTS! 


PROGRESS F REPORT OF THE COMMITTEE OF T HE 


C. Maxweu STANLEY, 2M. Am. Soc. C. —This report i is timely because 

-_" the e increasing n need for inabiens: districts to collect and treat s sewage where > 
’ the logical scope of a system encompasses areas ext extending beyond the corporate 
of a ‘municipality. Many states, without ‘encbling legislation, will 
= suitable statutes in tl the near future. The committee report will be 
helpful i in guiding the preparation of such statutes and the establishment of 


fli Part I. Organization. —The outline of fundamental considerations i is well 


stated. ~The writer concurs with the committee’s ; suggestion and favors the 
creation and organization of sanitary districts by local petitions. It is ad- 


visable that the largest - Practicable degree of local initiative be permitted in 


should be emphasized that the determination of the extent of the sanitary 


is primarily an engineering problem, not a political one. Provisions 


. Such studies: 

will more than pay for ‘themeakves by assuring logical 
re The selection of the method to be used in setting up the administrative 
board should be based, to a considerable extent, upon local practice and 

= . For instance, in Towa, trustee ‘management. has proved very 
are - satisfactory for municipal utilities. The trustees (usually three in number) 


ae are appointed by the mayor and approved by the council for terms of six 
Nors.—This report was published in February, 1945, Proceedings. 
2 Cons. Engr. (Stanley Eng. Co.), Muscatine, Iowa. Towa. 
Received by the April 4, 1945. 
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two years. This: s feature provides a a highly desirable continuity a 
- management. ih In other areas, different methods of administrative management | 
- may have proved more successful and 1 may properly, be selected for sanitary 

BvPrend - The committee’s suggestions on size of board and salary appear to — 


- The necessity of making provisions for preliminary financing of a district 
be emphasized. ‘enabling legislation should provide for 


aye de established. The power to issue securities s and levy taxes should be 
added to the list of the functions of a district. 
os Part II. Finance. —The problems of | financing a sanitary district are not 
5 
appreciably different from those encountered in financing any sewerage project. — 
The scope of the project to be financed will vary with local conditions, bet 
undoubtedly most sanitary districts will be primarily concerned with interceptor 
sewers and sewage treatment plants, rather th than wi ith the collection of sewage. 
ey, the incentive that leads to io the formation of a district, will result : 


Iti is important that the selection wal the method of financing be made only 
adie consideration of prior practices. For instance, if the established practice 


in the > community has been to finance lateral sewers by special assessment, a 


& 


"program to finance additional lateral sewers by general obligation bonds, paid 
by general taxes, will be unfair to those any owners who have paid for 
be In considering the over-all financing of | sewerage projects, a combination of ; 
the three methods involving general taxes, assessments, and rentals would | 
very frequently be advisable. planning such a combination, every effort 
must I be made to avoid undue complications. Thus, frequently, some minor 
degree of ‘equity must be sacrificed for simplicity Ww vorkability. 
r _ The writer concurs in the committee’ s Suggestion that sanitary districts be 


—a_s with broad rights of financing permitting them to select a program — = 


that will assure equality and will still be flexible enough | to meet changing 
conditions. All problems cannot be e foreseen en at t the time enabling = “ie 
is enacted, and the granting of broad financing powers will avoid future - 
It has been the writer’s obwervation t that, in a great many eases, the lec- 
tion of sewage rentals b: by an an addition to water rates is a most suitable procedure. _4 


‘imitations should permit sanitary districts to cooperate water 


Fi an engineer’s Speen of view, however, it seems that there are sufficient 
= of both functions present to justify combinations it in tk the methods of 
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Certainly, then, some aspects of projects must be governmental ; but 


“public health. Iti is possible to governmental and proprietary func- 
tions. Governmental agencies may establish the regulations deemed necessary 
in the interest of public health. _ ‘The service itself may then be provided by 
private ow nership. - ‘This is actually done in some cases for water supply. 
SS. ‘it is possible to do the same in the sewage field. The state, 
and subdivisions of the state, may exercise governmental functions by estab- 
lishing standards and requirements that must be met to protect 5 public health. i. 
The actual service could then be provided by private capital. _ Actually, this 
is not practicable because the lack of opportunity for financial profit will not. 

attract private capital. Therefore, municipalities and sanitary districts must 

5 provide the ‘servi ice, and in| in so » doing they seem to bee exercising a proprietary 


¥ 


aauliaas’ the description of Item 12 to read, “Number of consumers in minimum — 
bracket,” and change the next line following it to read, “Number of Inter- 


te mediate Users” ; also, on page | 187, in bibliography reference 4, change “ ‘Vol. 
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DISCUSSIONS: 


CONVERSION OF KINETIC TO POTENTIAL 


_ ENERGY I N FLOW EXPANSIONS 


Discussion 


=i 


BY J.C. STEVENS 


1. 


= Cc. STEVENS PRESIDENT, Am. Soc. C. —Some of the mental 


fusion that has surrounded the particular p problem « of converting kinetic e energy 
to potential energy in flow expansions has been dispelled by Professor Kalinske. 
He has shown that turbulence, heretofore looked upon as the principal source — 
of ultimate energy loss, is merely a _by- product of the direct loss (energy 
conversion into heat) in the zone shear surrounding the jet. 
- ‘The author found that the maximum energy of turbulence was : only half a= 

f prop energy of the mean flow; and, of ' course, only a part of th this agg 
energy is converted into heat as the intensity diminishes downstream. For 

example, in the 30° expansion, the total energy lost was 4 4.3 ft-lb sec 
0.210 cu ft per sec (Fig. 6); and the maximum energy of turbulence was 0. 781 

“ft-lb per sec (Table >. _ Even if all this turbulence were lost (converted into 7 : 

i 


heat), it would represent only 18% of the total energy similarly lost in the 
The efficiency of an expansion is subject to various is interpretations. The 
author has used the ratio of the gain in potential energy to the loss in kinetic 
“energy (both i in foot-pounds per second) as a measure “of the 1e efficiency of the 
expansion. is primarily a measure of the r recovery y of velocity head. 
seems to the writer that efficiency i is “something more than this. If the pipe - 
length from the beginning of the expansion to the point where normal flow i is 
restored in the larger pipe (say, sixteen diameters) is considered as a mechanism 

for converting from one sti state of flow to another, the efficiency becomes the 
tatio of the output energy to the input energy as is the case with : any y other 


Curiosity caused the wr riter to prepare Table 6, con- 
cepts of efficiencies with those shown a by the author i in Table 4. The input and 


—This paper by A. A. Kalinake was published in December, 1944, Discussion 
on this paper has appeared in Proceedings, as follows: ron — 7 F. T. Mavis: a 
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Discussions 


Output energies were from Fig. 6. either expansion, and by « either 
method, the lower the flow, the higher the efficiency would be—approaching 


~o 


i Som ‘The tedium of analyzing SO many movie- camera frames prevented the 


¢ extension of the experiments to 60° expansions and 90° expansions. It would 
be interesting to know Ww hat rate of expansion yields the highest rate of ?;, 


4 loss—in other words, the maximum scale of turbulence. Giaday tas 

TABLE 6. —CoMPARISON OF sah 


7.5° EXPANSION EXPANSION 180° Exrannon 


Input, Output, Output, | (%) 
Station ‘Station |_| Station Station 
65 ft | —— 
(F22) 
4 | “4 
(n) 


is aware, measuring the components of filament velocities. It is hoped 


‘err some method will be devised whereby such components can be measured with 


less. time-consuming labor. Perhaps the method evolved at Columbia Uni- 
versity, nj in New York, * , might be extended ‘to the measurement of fila- 
ment velocities i in pipes of material. 


_ Research into these fundamental concepts should not end with this paper; 
ee this study i is just a good beginning. w most excellent approach to determining 
aces the nature of hydraulic friction is that presented by Boris A. Bakhmeteff, M. 
Pic. ee. Am. Soc. C. E., and William Allan, . , Assoc. M. Am. Soe. C. E., i in February, 

1945.5 The hadi in the researches by Professor Kalinske and by Professors 
Bakhmeteff and Allan dovetail most admirably and APB 3 new ee for the 


As noted by the author (see heading, the project 
~ reported i in the paper was s sponsored by the Hydraulic Research Committee of 
= Society which, in 1938, became the Committee on Hydraulic Research of 
the Hydraulics Division. ~The Committee i is convinced that little further > 


ogress may be expected in the s solution of many hydraulic problems until the in 

- internal mechanics of hydraulic friction and energy conversions in flowing : 
water are better known. In this respect the committee is justly proud of the gE 
work Professor Kalinske has done and of the results he has obtained. __ ie a 
_% Electromagnetic Velomentry I. A Method for the Determination of Fluid Velocity Distribution Si 
in Space and S  aadlinarth Alexander ' Kolin, Journal of Applied Physics, Vol. 15, No. 2, February, 1944, ~— 


** The of Loss in Fluid Friction,” by Boris A. Bakhmeteff ‘tnd William ‘Alan, 
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